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ABSTRACT

This thesis develops a Lanchester-type force-on-force combat model

simulating small-unit amphibious operations. The model commences with

a ship-to-shore assault of aggressor forces mounted onboard Landing

Vehicle Assault craft moving against a defensive force ashore. Once

the ship-to-shore phase of combat is completed, the model continues

to simulate land combat further inland between the assaulting aggressor

forces and other defensive forces occupying key terrain.

The main thrust of the thesis is to alleviate some of the problems

associated with the inherent abstractness of Lanchester-type combat

models; specifically, to develop "user-friendly" input-data and output

structure, and more thorough documentation of the model's algorithms

to provide a model which would be more easily understood and utilized

by students of combat modeling.
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I. INTRODUCTION

A. OVERVIEW

This thesis develops a Lanchester-type force-on-force combat model

simulating small-unit amphibious operations. The model commences with

a ship-to-shore assault of aggressor forces (e.g., a U.S. Marine Infantry

Battalion), mounted onboard Landing Vehicle Assault craft (LVA) moving

against a defensive force ashore located in fixed positions along the

coast the aggressor force is attempting to occupy. Once the ship-to-

shore phase of combat is completed, the model continues to simulate

land combat further inland between the assaulting aggressor forces and

other defensive forces occupying key terrain.

The main thrust of the thesis is to alleviate some of the problems

associated with the inherent abstractness of Lanchester-type combat

models (see [Ref. 1)), and specifically to integrate and enhance work

done in previous models, to develop "user-friendly" enhancements, and

more thorough documentation of algorithms to provide a model which would

be more easily understood and utilized by students of combat modeling.

B. BACKGROUND AND GENERAL MODEL

1. Overview

The small-unit "amphibious operation combat model presented in

this thesis is the result of the integration and enhancement of two

independent combat models. The first model is a ship-to-shore combat

model which models a ship-to-shore assault conducted by landing vehicle

assault craft against fixed enemy positions ashore. The second model

9



is a land combat model which models a land assault conducted by LVA

forces on a beach, against fixed enemy positions further inland.

2. Original Ship-to-Shore Combat Model

The ship-to-shore combat model used as a basis for this thesis

was presented in a thesis by David L. Chadwick [Ref. 2]. It modeled

the amphibious assault of five waves of LVA against a defensive force

composed of tanks and antitank guided missiles (ATGM) in fixed positions

ashore. Attrition was modeled using Lanchester area-fire and aimed-fire

equations. The purpose of developing such a model was to determine the

optimal design characteristics of LVA in an amphibious assault for a

given combat scenario. The optimal design of an LVA was considered

to be that design which produced the lowest level of LVA attrition for

the given cowbat scenario.

3. Original Land Combat Model

The land combat model used as a basis for this thesis was

developed in Joseph Smoler's thesis [Ref. 3]. It modeled land combat

conducted by three aggressor force units utilizing tanks assaulting

three defensive force units armed with Tube-Launched, Optical-Guided,

Wire-Controlled missiles (TOW's) in fixed positions. The location of

the land combat was the Fulda Gap region in West Germany. Attrition

was modeled using Lanchester aimed-fire equations. The purpose of

Smoler's thesis was to develop a basic small-unit land combat model for

determining optimal defensive unit locations for a given combat scenario.

The optimal locations of the defensive units were considered to be those

locations which provided the lowest level of attrition of the defensive

units for the given combat scenario.

10
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4. The Enhanced Land Combat Model

An enhanced version of Smoler's land combat model was developed

by Glenn Mills in his thesis [Ref. 4]. The enhancements developed by

Mills added flexibility to Smoler's land combat model by providing

user selected options which could be employed depending upon the abili-

ties and desires of the model's user. The enhancements included the

option of altering the aggressor force's attack routes enabling the user

to study not only the optimal defensive unit locations, but the optimal

aggressor force attack routes for the given defensive unit locations as

well.

A second enhancement was The option of selecting a stochastic

attrition-rate coefficient. This introduced the element of randomness

into the model's attrition algorithm providing a more realistic approach

to modeling a unit's fighting effectiveness.

The third enhancement is the option of providing alternate

defensive positions so that the defensive units could move to more

defensible terrain once their oriqinal positions had become untenable.

5. The Original Small-Urit Arnphibious Warfare Model

The original small-unit anphibious warfare model used as a

basis for this thesis was developed by Soon Dae Park in his thesis

[Ref. 5]. Park's model attempted to conceptualize the flow of events

of an amphibious assault by first running the ship-to-shore model,

followed immediately by running the land combat model. The analysis

of this model as a class project served as the catalyst for the develop-

ment of the small-unit amphibious operation combat model presented in

this thesis.
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6. The Analysis of Park's Model

The class project conducted by Clay Grubb, Robert Larson, and

this author had as its purpose the analysis of Soon Dae Park's small-

unit amphibious operation combat model. The results of the analysis

revealed the value of Park's thesis in providing a general scheme of

events for the modeling of small-unit amphibious operations. The results

also identified some enhancements that could be aoplied to his conceptua-

lized model that would integrate the ship-to-shore and land combat models

into a singular small-unit amphibious operation .;ombat model. The develop-

ment and application of these enhancements to Park's fodel served as the

foundation for this thesis, and the development of the model presented.

C. MAJOR GOAL AND OBJECTIVES OF THE THESIS

1. Major Goal of the Thesis

The overall goal of the thesis is the development of a small-unit

amphibious operation combat model. It will be based on the integration

and enhancement of the two combat models discussed in the previous section

of this chapter. There are three underlying objectives of the thesis

which will guide the development of the model toward the accomplishment

of this goal.

2. Objectives of the Thesis

a. Integration of Independent Combat Models

The first objective in the development of the model was to

integrate two initially independent combat models into a singular con-

tinuous flow combat model. This was accomplished by first allowing

force levels at the completion of the ship-to-shore phase of combat to

be used as the initial force levels in the land phase of combat.

12



Secondly, it was recognized that four combat modeiers -on-

tributed to the resulting model presented by Park in his thesis. A's

such, four individualized FORTRAN coding techniques were reformulated

into one style to provide a more tractible small-unit amphibious oper-

ation combat model.

b. User-Friendly Input-Data and Output Structure

The second objective of the thesis was to provide a user-

friendly combat model. It is a major contention of this thesis that

combat modelers have not adhered closely to this principle when pro-

viding combat models for the United States military. Furthermore, it

is believed that the lack of concern given to this approach of comtat

modeling is a major reason for the less than unanimous reception that

combat models have received by the United States military as tools for

training its commanders and staffs. Therefore, the model presented it

this thesis was designed and documented with the user's capabilities

and needs in mind as opposed to those of the orogramrnmer.

c. Student-Oriented Combat Model

The third objective of the thesis was to provide the student

of combat modeling with a combat model which was easily understood and

studied. As a result, the model presented in this thesis was designed

with a low level of complexity to allow the student with little or no

experience in combat modeling to understand more easily the combat

modeling theory and its application.

13



II. MODEL ENHANCEMENTS

A. OVERVIEW

This thesis had as its goal the development of a small-unit amphibious

operation combat model. Guided by the three objectives discussed in

Chapter One, five modeling enhancements were applied to the two original

combat models serving as the foundation for the resulting small-unit

amphibious operation combat model presented in this thesis. The enhance-

ments provide for the proper integration of the ship-to-shore and land

combat models. In addition, they have contributed to the development

of a more user-friendly combat model which can be used to assist combat

modeling students in their understanding the theory of combat modeling

and its application.

B. INTEGRATION OF SHIP-TO-SHORE AND LAND COMBAT MODELS

The intent of the model presented here is to view the amphibious

assault as a continuous process made up of two phases of combat (ship-

to-shore, and land combat) where the land combat phase is dependent

upon the outcome of the ship-to-shore combat phase of the model.

Implementation of this enhancement called for the creation of a

new variable, Total Landing Force Ashore (TLF), which would accumulate

the surviving landing force of each assault wave as it reached the beach.

This total landing force ashore would than be redistributed into three

main assault units for the land combat phase of the model. The

rationale for the redistribution of forces is based on realistic

14
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military doctrine which is to maintain a well-balanced force when the

strength and location of the enemy is unknown to the assaulting forces

(as is assumed in the model).

Since the manner in which defender force levels are determined by

the ship-to-shore and land combat models appears to be quite realistic,

the defending force level as modeled by Soon Dae Park was used as input

to the land combat phase. In particular, if the aggressor force had been

successful in routing the defending forces situated on the beach,

defending forces situated further inland naturally would be impelled

to defend the remaining terrain still in their possession. It should

be noted that the size of these defending forces further inland is an

option of the user which in itself can be varied for analysis of variant

battle scenarios.

C. AGGRESSOR FORCE ATTRITION--SHIP-TO-SHORE PHASE

Attrition in Lanchester-type combat modeling is based upon the

expecited percentage of the original force remaining at a given point

.n time. The expected percentage of forces remaining then can be

testated in terms of a real number to represent the expected number of

forces remaining. This method of computing reduced force levels is

considered to be quite appropriate when modeling land combat, and was

implemented by Chadwick in his ship-to-shore combat model to simulate

LVA attrition. However, use of Lanchester equations to model such

vehicular attrition of a vehicle at sea was determined to be inappro-

priate. Where it is a reasonable assumption that a disabled vehicle

on land still can contribute something toward the final outcome of

the battle if any of its weapons systems or onboard troops survive,

15
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an LVA that is disabled at sea is of no use to the amphibious assault

and subsequent land combat phase. The LVA will be recovered, and on-

board troops brought to the landing site after the assault has taken

place.

Chadwick was not concerned with this distinction due to his model's

purpose of modeling LVA attrition in terms of ship-to-shore movement

only. Therefore, he simply utilized Lanchester equations in modeling

LVA attrition resulting in fractionalized losses of assaulting LVA's.

However, if a ship-to-shore combat model is to be properly integrated

with a land combat model, only whole numbers of LVA's ashore should be

used as input. Hence, an enhancement was made to the model.

The approach was to f-ind the integer value of the number of surviv-

ing LVA's in each assault wave, and then sum these values resulting

in the total landing force ashore (TLF). The fractional portion remain-

ing was considered to be those LVA's disabled at sea and unable to

participate in the land combat phase of the operation.

D. STOCHASTIC ATTRITION-RATE COEFFICIENT MODIFICATION

Mill's land combat model allowed the user the option of selecting

either deterministic or stochastic attrition-rate coefficients to be

used in assessing the attrition of opposing forces. The justification

for utilizing stochastic attrition-rate coefficients to model force-on-

force attrition rates was based upon the assumption that the attrition-

rate coefficient is a random quantity measuring a unit's fighting

ability, and can be estimated before any given battle.

This can be illustrated by considering the expected value of a

random variable. For example, assume a probability distribution is

16
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selected for the random variable such that the expected value of the

random variable is equal to the deterministic 3ttrition-rate coefficient

set for all units. When a random sample is ta<en from this distribution,

the individual values assigned the random variable will serve as

individual unit attrition-rate coefficients, where the sample mean

will serve as the overall force attrition-rate coefficient. The result

is that the overall force attrition-rate is eqjal to the sample mean,

which is approximately equal to the population mean of the random

variable. Recalling that this population was selected with a mean

that equalled the deterministic attrition-rate coefficient, units now

have their own individual attrition-rate coefficients, while the force

attrition-rate coefficient has remained close to the intended value of

the deterministic attrition-rate coefficient. This is more realistic

than the deterministic option since each unit would be expected to

have a different level of effectiveness, which necessarily would imply

different attrition rates while maintaining one overall force level

attrition rate.

The attrition-rate coefficient, Ai, is used as the measure of the

rate a firer in Unit i attrits a target in Unit j. This has been

likened to the fighting effectiveness of a particular Unit i. Obviously,

this is a variable quantity influenced by a myriad of factors to include

esprit de corps, past history of success )r failure, prior exposure to

combat, weather, quality of leadership, etc. The intent of such a

basic model as this is to attempt to capture the overall effect of

these factors by developing a distribution of a unit's initial fighting

capabilities (specifically, to develop a distribution of Aij 's for the

unit).

17
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Mills proposed a distribution based upon a quadradic function which

would produce a symmetric distribution with a mean value of approximately

0.55. This distribution restricted a unit's maximum effectiveness to

only 80 percent of its maximum capable effectiveness level. It also

implied that the average unit in combat will only perform at 55 percent

of its maximum effectiveness level at any given time.

A more plausible way of assigning a distribution to the A i's might

be a truncated Normal Distribution limited to values between 0.00 ard

1.00. However, this approach would leave little flexibility in terms

of modeling variant scenarios since the opposing forces always would

have attrition-rate coefficients associated with that particular dis-

tribution whenever the stochastic option was selected. This -estriction

is due to the programming constraints encountered in attemptingj to

implement variant truncated Normal Distributions in the model. There-

fore, a Beta Distribution was selected for use in the model.

The natural range of the Beta Distribution is from 0.00 to 1.00

thereby alleviating the burden of constructing a truncated distribution.

Furthermore, its two scaling parameters, P and Q, can be selected readily

and input by the user to construct virtually any variant of the Beta

Distribution so desired. The specific values selected for P and Q would

parameterize the distribution of the Ai.'s according to the user's par-

ticular combat scenario without the burden of reprogramming the distri-

bution on each successive run of the model.

The density function for the Beta Distribution is as follows:

f(x) = XP ' (l-X) Q- l for 0.0 1 x ;S 1.0

with =x +

18
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Therefore, a P=21 and Q=7 would yield a distribution of Aij 's with

mean of 0.75. This says that a unit with an Aij of 0.75 is operating

at 75 percent of its potential effectiveness. Whereas, a P=7 and Q=21

would yield a distribution of Aij's with a mean of 0.25, indicating that

a unit is operating at 25 percent of its potential effectiveness.

To illustrate the flexibility of this approach in determining sto-

chastic attrition-rate coefficients, Figure 2-1 is provided displaying

the distribution of Ai. 's that would be obtained when the user alters

the parameters of the Beta Distribution. The user now can model a

strong elite force using, for example, parameter values P=21, Q=7, or

model a weak and poorly lead force using parameter values P=7 and Q=21,

depending upon the particular battle scenario the user is analyzing.

While the Beta Distribution used in this thesis is different than

the Quadradic Distribution used by Glenn Mills, the implementation of

this distribution for the attrition-rate coefficients is exactly the

same as originally modeled. Since it was assumed earlier that the fight-

ing effectiveness of each unit is a random quantity prior to a given

battle, it is only necessary to obtain a realization of the random

variable for each unit prior to the initialization of the battle. This

realization, Aij, is determined by the user-supplied inputs P and Q,

and subsequent calls to a Beta Distribution Random Deviate Generator

[Ref. 6]. Therefore, an attrition-rate coefficient is computed for

each unit using the following equation:

A A9 x (1 r/re)2  for 0 5 r I r
A. =1 e - e

0 for re 5. r
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Where: A = Realization of unit's fighting effectiveness

r = Current range between firer and target

r, = Maximum effective range of a firer's weapon

This function was utilized because it is a function of both range and

A . thus creating a different attrition-rate curve for each unit,ij

depending on that unit's effectiveness level prior to the battle. A

graphic illustration of an attrition-rate coefficient curve for an

A?. equal to a mean of 0.75 from the Beta Distribution where P=21 and1j

Q=7, and the maximum effective range re, of 3000 meters would look

like Figure 2-2.

.75-

A'?j .50

.25-

1600 00O Range (meters)

Figure 2-2. Attrition-Rate Coefficient Curve for A°. = 0.75
and re = 3000m

To illustrate the effect that this stochastic attrition option has

on the outcome of the model, two runs of the model were made using this

option, while varying the Beta Distribution parameter values for both

forces on each run. All other characteristics of both forces were left

unaltered. In the first run, the aggressor forces were modeled to

operate at 75 percent of their potential effectiveness, and the defending

21



forces were modeled to operate at 25 percent of their potential effec-

tiveness. The battle outcome, as listed in Table 2-1, indicates that

the aggressor forces won the battle. In the second run, the potential

effectiveness of the opposing forces was reversed. The aggressor forces

were now modeled to operate at 25 percent of their potential effective-

ness, and the defending forces were modeled to operate at 75 percent of

their potential effectiveness. The battle outcome, as listed in Table

2-1, indicates that the battle was terminated due to the opposing forces

being too close. The aggressor forces were unable to overrun the defend-

ing forces, as was the case in the first run, which was due solely to the

change in the potential fighting effectiveness of the opposing forces.

A change in the battle outcome was expected; however, to what degree

that change would be was unknown. The fact that the defender forces

were unable to win the battle on the second run, while having a much

higher level of effectiveness, indicates that other characteristics of

the opposing forces were also playing an important role in the battle

(e.g., types of weapons employed, original force levels, speed of attack,

etc.).

Through the use of the stochastic attrition option, the user now

has the capability of studying one more facet of combat (i.e., potential

fighting effectiveness), and can analyze to what degree different fight-

ing effectiveness levels will have an final battle outcome.

E. USER-FRIENDLY 1/0 STRUCTURE

A significant and important part of writing a computer program for

a combat model is to provide for the input and output of data to and

from the program. It is my belief that one of the major factors

22
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contributing to the lukewarm reception, in general, that combat incdels

have received by the United States military is due, in part, to the

poorly designed input-data and output structure of the combat models.

The primary user of those models, the military commander, normally

finds it difficult to decipher the myriad of input-data requirements,

or the voluminous output from combat models that supposedly were de-

signed for the commander's use. It is a contention of this thesis that

if more attention was given to the development of user-friendly inpuf -

data/output requirements, that more interest would be generated toward

the use of such models in training military commanders. Therefore, an

enhancement was made to the input-data and output requirements of the

model to demonstrate a method of alleviating this problem.

1. User-Friendly Input Structure

A readymade input data file was provided with the model to serve

as a guide for entering all of the required data in the correct format

required by the model (see Appendix C). Each variable requiring input

for the model has been listed in the sample input file with sufficient

space provided for ensuring that data is entered in the correct format.

This file, therefore, provides the unfamiliar user of the model with the

opportunity to utilize the model with only a limited knowledge of the

model's algorithm and input requirements. This type of user-oriented

input requirement will alleviate some of the apprehension that an unfamil-

iar user of the program might have, and might actually act as a catalyst

in increasing the amount of use the model receives.
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2. User-Fr~endly Output Structure

Indecipherable outout, or too much output from a model, can be

just as much of a deterrent to a model's use as complex input require-

ments can be. This point was brought out by Ye S. Venttsal in her dis-

cussion of good combat models:

It is advisable in such "training" modeling of combat actions
that the commander receive information from the computer not in
the form of mean characteristics averaged over a set of realiza-
tions, but rather in the form of only one specific realization,
on the basis of which a decision is in fact made. [Ref. 7]

To paraphrase Venttsal, the combat model output must be clear,

concise, and identifiable to the military commander. Furthermore, it

must answer the questions that were originally asked by the user--speci-

fically, who won and why?

The model output was therefore restructured to provide a concise

listing of what input parameters were entered into the program for pro-

cessing, and a concise and understandable output summary of what occurred

throughout the battle (see Appendix F). Additionally, a new feature was

introduced into the model which gives the user the option of viewing

either a detailed time-step battle summary, or just a final battle summary

of what occurred in the running of the model.

F. DOCUMENTATION AND PROGRAM FORMAT

Two of the objectives of the model presented in this thesis were

first to serve as an example of the way in which combat models should

be designed to be user-friendly to ensure their acceptance and use in

training military commanders; and secondly, to serve as a model for

combat-modeling students so that they might acquire a better understand-

ing of how combat models ought to be programmed into a computer.
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it already has been discussed how the user-friendly I/0 structure assists

the user of the model. However, proper structuring of programs for read-

ability and good documentation is equally necessary to ensure readability

and understanding by students and analysts.

The FORTRAN program presented in this thesis which integrated and

enhanced the ship-to-shore and land combat models is an amalgamation of

subroutines originally written by different people, with their own unique

style of programming. The interweaving of these four styles of program-

ming throughout the program seriously detracted from the smooth flow of

program s'ructure and readability desired when analyzing the computer

program. Therefore, an enhancement was made to the model: the program

was restructured so that it would follow one basic style of programming

(see Appendix B). New labeling and structuring of formatted statements

and nested FORTRAN functions were provided to make the computer program

more readable. This restructuring should assist the student in under-

standing -he program flow, and provide an incentive to those interested

students to develop future enhancements to the model.

In addition to developing one style of programming, more detailed

documentation of variable Jefinitions and descriptions of program flow

were added to the program. The purpose of this documentation was to

have the program serve as a reference to itself in order that the reader

would not be forced to refer to various manuals outside of the program

each time an explanation of the functioning of a particular aspect of

the program is desired.
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!IT. CURRENT MODEL DESIGN

A. OVERVIEW

The small-unit amphibious operation combat model presented in this

thesis consists of the integration and enhancement of a ship-to-shore

combat submodel, and a land conibat submodel. Both of the original sub-

models were similar in design, basing force attrition on Lanchester-

type expected-value equations. As presented earlier, enhancements to

both submodels reduced the differences in design of these submodels,

molding them into what may be called a small-unit amphibious operation

combat model. Figure 3-i provides the scheme for the sequence and

general flow of events in the overall model.

It should be noted that al:hough the ship-to-shore and land combat

models are quite similar. they still have their own unique characteristics

in modeling certain events that take place throughout the battle. There-

fore, in discussing the :iodel as a whole, the two phases of the battle

will be addressed separately, and those events which are of particular

interest in each ohase of combat will be elaborated on in order that the

reader might acquire an overall appreciation of the contributions each

submodel makes to the overall model.

B. SHIP-TO-SHORE PHASE

1. Overview

Since the objectives of the thesis are to provide a user-friendly

tractible combat model, a number of broad assumptions have been made

regarding the exact method of employment of the LVA in the ship-to-shore
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phase of the amphibious operation. First of all, it is envisioned that

for command and control nurposes, as well as for mine clearing operatiols,

there will exist LVA approach lanes as depicted in Figure 3-2, along which

columns of LVA will transit a 25-mile distance to shore from the Amphibious

Task Force (ATF). The 25-mile distance is based upon recent reouiremen:s

studies indicating that in future amphibious operations, due to the

increased lethality of anti-ship missiles and long range artillery, it

will be necessary to increase the Amphibious Task Force standoff Oistan:e

to approximately 25 miles from shore to reduce the vulnerability of the

amphibious shipping against this anticipated threat [Ref. 8]. Secondly,

it is assumed that a maneuver area will exist within which the columns )f

waves of LVA will form into a conventional landing formation composed of

waves of landing craft as prescribed by current doctrine.

The two previous assumptions set the stage for the primary assunp-

tion used in computing LVA force level attrition: that is, direct fire

weapons will be assumed to be the primary anti-LVA threat -- specifically,

modified versions of current tank and antitank guided missiles (ATM)

assets. Although in reality some attrition of LVA can be expected in

the maneuver area, it will be assumed that the critical exposure period

will be that portion of time in the ship-to-shore movement that the first

assault wave comes within 5,000 meters of the shore defenses until, up to,

and including the arrival of the last assault wave ashore. Figure 3-3 is

a flowchart depicting the general sequence of events of the ship-to-shore

phase model.

2. LVA Movement Conceptualization

Two tactical decision variables were utilized for modeling LVA

ship-to-shore movement:
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--TBW is the decision variable for the time between successive

waves. As TBW is shortened, coordination problems will arise resulting in

confusion on the beach due to insufficient time provided for an assault

wave to move inland prior to the next wave's arrival. The level of con-

fusion generated by a short TBW must be balanced against the cost of not

having sufficiently rapid initi&I buildup of offensive forces ashore.

--RD is the distance from the shoreline thdt each wave will

commence the transition from planning model to displacement mode. This

process will be termed a sequential wave transition since each of the

assault waves sequentially performs the mode transition. This is illus-

trated in Figure 3-4. The reason for this transition is due to engineer-

ing stability requirements that this displacement configuration be

achieved prior to crossing the surf line. The obvious effect of this

transition is that exposure time to close-in direct-aimed fire will be

created.

3. Overall Fcrce Structure

The model aggregates the combat organizations involved in the

ship-to-shore phase of the amphibious operation into several homogeneous

combat units. Each unit is characterized by certain offensive and

defensive capabilities in comparison to each of the other units.

Table 3-1 illustrates the combat organizations which have been

explicitly modeled. The force level of each unit was represented by

state variables as indicated. The initial force level for each unit is

input-data to the model. This, therefore, permits the user to investi-

gate alternative wave composition options as well as various defensive

scenarios without having to make modifications to the model algorithm.
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Table 3-1. State Variables Representing Combat Organizations

Combat Organization State Variable

Shore Defenses - Tank Assets DT

Shore Defenses - ATGM Assets DS

Incoming assault Waves of LVA
representing waves 1 thru 5 WV(I) 1=1 thru 5

A cumulative combat force
comprised of those Marine
ground units which have
arrived on the beach and
debarked their LVA TLF

Fire support assets of the
amphibious task force ATFFS

The tactical combat interactions that exist between these nine combat

units within the overall force structure are illustrated irn Figure 3-5.

4. Shore-Defense Scenario

The defensive scenario utilized in the model includes a force

comprised of both tank (DT) and antitank guided missiles (DS). Tank

and ATGM units are emplaced 75 meters inland of the waterline a: an

elevation of approximately 5-10 meters. The model does not explicitly

maneuver or emplace individual tanks or ATGM systems within each unit,

but aggregates the cumulative effects -f the individual vehicles and

weapons within each category.

a. Defensive Unit Force Levels

The state variables DT and DS represent the total unit

"strengths" in each of the defensive unit categories. Specifically, a

DT=3 indicates that within the shore defenses there exists a unit of

tanks having a total combat effectiveness equivalent to three continuously
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firing independent weapon systems. A similar interpretation is applicable

to the state variable DS.

b. Defensive Fire Allocation

The two categories of direct-fire weapons are assumed to

engage targets (incoming LVA) according to a predetermined tactical scheme.

The defensive "plan" was parameterized as follows:

(1) Window of Engagement. Each weapon category was assigned

an engagement window as illustrated in Figure 3-6. Only those LVA located

within the range window could be fired upon by the shore defensive forces.

The windows are designated by the following input parameters:

TANK ATGM

Maximum Engagement Range TENGMX SENGMX

Minimum Engagement Range TENr7MN SENGMN

(2) Engagement Rules. Additional defensive tactical criteria

are implemented into the model logic according to the following rules of

engagement:

--A defensive weapon may only engage the two closest incom-

ing waves if more than two waves of LVA are at any time located within the

weapon's engagement window.

--If only one wave of LVA is present in a weapon's engage-

ment window, defensive fires of that particular weapon type will be dis-

tributed uniformly against the surviving LVA in that wave.

--If two waves of LVA are both contained within the engage-

ment window, defensive fires of that particular weapon type will be

distributed according to a tactical allocation submodel. A weighting

factor, (DEFWT), input by the user is utilized in establishing the

proportion of the total weapon strength to be allocated against the

36

- .



I I

I I

I I

1 1

Figure 3-6. Engagement Window Parameters

37

. .. .. .,r .~ ,, ,.. 
l 

-i



_kU .Z7 - - .u

surviving LVA's in each of the two waves. Specifically, if DEFWT(1) = 2,

and DEFWT(2) = 1, then each surviving LVA in the closer of the two incom-

ing waves would be allocated twice as much fire as surviving LVA in the

seaward wave. For example, if waves three and four were both located

within the ATGM engagement window, then the proportion of DS's fire

allocated to surviving LVA in wave three would be:

DEFWT(1) x WV(3)
x DS

DEFWT(1) x W(3) + CEFWT(2) x WV(4)

where: WV(3) is the state variable for the
currdnt number of survivors in wave 3

c. Attrition-Rate Coefficient Computation

The classical Lanchester hypothesis for aimed-fire attrition

is that the casualty rate of a unit is proportional to the size of the

opposing force. If a Unit "A" is teing engaged by a Unit "D", this

action may be expressed by the differential equation:

dA
-- = BetaDA x D
Ht

where: BetaDA is called the Lanchester attrition-rate

coefficient

It is assumed that this functional relationship holds for

each pairing (firing unit, target unit) over the small time interval

dt. The credibility of the model relates the performance characteristic

data together with the tactical and physical configurations for each of

the combat units to derive the attrition-rate coefficients.

It was decided to express the attrition-rate coefficients as

the product of the rate of fire (ROF) and the single shot kill probability

(P(k)) as follows:
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BetaDA P(k)DA x ROF DA

where: DA represents a Unit 'D" firing on a Unit "A"

More complicated models exist [Refs. 9 and 10], however, for the purposes

of the modeling of the ship-to-shore LVA and defender attrition, this

method was deemed sufficient.

Attrition-rate coefficients as described above were derived

for each pairing (defensive weapon, target) yielding thE! ten variables:

BetaDT-WV(I) = ROFDT-WV(I) x Pk) DT-WV(I) I = 1-5

and

BetaDSWV(I) = ROFDSWV(I) x P(k) swv(1) I = 1-5

A switch mechanism is incorporated into the rate of fire (ROF) factor by

implementing the functional relationship:

0 if WV(I) is located outside

the engagement window

ROFD__-WV(I) =

I if WV(1) is located wthin

TBF the engagement w-ndow

where: TBF (Time Between Firings) is evaluated by
TBF = Aim-Reload Time + Target Range

Projectile Velocity +
Target Speed

It should be noted that the relatively slow projectile velocities repre-

sentative of anticipated ATGM assets in the future does cause such

velocities to become significant in this computation.

The second factor used in determining each attrition-rate

coefficient is the single-shot kill probability (P(k)). It is assumed
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that a hit by a large caliber projectile would constitute a "k4114 4-

that it most likely would inflict damage serious enough either to sink

the LVA, or render it immobile, thus eliminating it from contributio

to the buildup ashore. A second assumption is that both defensive

weapon systems addressed would exhibit normally distributed, uncorrelated

horizontal and vertical errors. Typical dispersion data, both mean ana

standard deviation, for the Tank and ATGM is required as input-data for

the hit probability computations.

The suppressive effects of incoming fire upon each of the

defensive units was considered a significant factor with respect to its

effect upon the survivability of the incoming assault waves of LVA. 7t

was assumed that the suppressive effect would significantly reduce a

unit's rate of fire, and also increase the error standard deviation. Th

modeling of these suppression effects was accomplished by assigning a

relative suppression factor (SUPFAC) in the interval l, 2,to both the

Tank and ATGM units. This factor was determined according to the

following guidelines:

SUPFAC = 1 No incoming fires (i.e., the defensive
unit casualty rate is zero)

SUPFAC = 2 Maximum incoming fires (i.e., the defen-
sive unit casualty rate is comparable to
that realized upon full allocation of the
ATF fire support assets)

It was assumed that the aim-reload time(ARTM) would be

increased by approximate~y 50 percent under the conditions represented

by a SUPFAC = 2.0. Within the ROF submodel, this is expressed by the

linear relationship:

ARTMsup = ARTMNONSUP x (0.5 + SUPFAC / 2.0)
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Additionally, it was assumed that up to 100 percent increase

in the error standard deviation could be expected under a maximum suppres-

sion environment, hence:

ERROR STDsup = ERROR STDNONSUP x SUPFAC

d. Defensive Breakpoint

It was assumed that if during the course of the ship-to-shore

movement phase the defensive forces suffered a cumulative loss in excess

of 70 percent of their initial force strength, the remaining shore defenses

would withdraw and commencement of the land combat phase of the battle

would take place.

5. LVA Assault Wave Conceptualization

The model is programmed to handle up to five incoming waves of LV.A.

The initial composition of these waves is input by the user by means of

the variable WVINT. There are no limitations on the number of LVA's

capable of being in each wave. However, the user is advised that the

model was intended to model small-unit amphibious operations only.

a. Wave Posture

Model functions RNG, HT, and SPD are called upon within the

model logic to generate the range, height, and speed, respectively, for

each assault wave as time is incremented throughout the course of the

ship-to-shore movement phase. The input of tactical employment para-

meters TBW and RD in conjunction with the physical design parameters

SPDMAX, SPDMIN, HTMAX, and HTMIN for the LVA being evaluated uniquely

determines the exact range offshore and vehicle configuration (planning/

displacement) for each of the five waves. This information then is imple-

mented in the rate of fire and hit probability calculations.
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b. Ground Forces Ashore

As each assault wave arrives at the beach, the surviving

strength of that wave is transferred to the variable TLF (Total Landing

Force Ashore). TLF represents a ground combat force equal to that trans-

ported by the number of LVA survivors having arrived ashore. Once

established, the TLF engages the two defensive units allocating its

fires between the two defensive weapon categories in the same proportion

as the number of surviving Tanks and ATGM's--that is:

DTTLFDT DT + DS x TLF

OS
TLFos =T + DS x TLF

The casualty rates applied against the DT and DS state that

survivcr variables are determined by means of the Lanchester aimed-fire

attrition-rate coefficients WBETATLF - DT and WBETATLF - DS by the

eGuations:

dDT -WBETATLF - DT x DT

dDS -WBETATLF - DS xTLF

The computation of these WBETA coefficients is not performed

within the model utilizing the detailed rate of fire and P(hit) arguments

described previously, since in the original LVA assault model developed

by Chadwick, these parameters were considered to be insignificant in

relation to the overall model. Chadwick assumed his assault model would

be used as an auxillary model to a higher-level model, and would receive

values for these coefficients from that model.
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6. ATF Fire Support Conceptualization

The impact of t.ie amphibious task force's fire support assets

contribute significantly to the combat effectiveness of the shore

defense units. Characterizing each of the two defensive force units

by a simple "located" or "not located" attribute, the attrition rates

realized by these force units can be simplified substantially by the

following approach.

a. "Not Located" Store Defenses

At the commencement of the model it is assu:ned that the

defensive units OT and DS are emplaced on shore at locations unknown to

the ATF. The units initially are engaged as "not located" targets by

area fire for which the following Lanchester area-fire equations are

applicable:

dDT
- -(ALPHADT x ATFFS) x DT
dt

dDS
- (ALPHADS x ATFFS) x DS

dt

The terms in parentheses on the right hand side of the equa-

tions are to be considered a generalized input parameter. The combat

effectiveness of the ATF fire support assets is also to be considered

relatively constant during this segment of combat time, and thus it is

possible to synthesize these input factors by examining the attrition

losses due to area realized in a previous full-scale model calibration run.

b. "Located" Shore Defenses

Once a particular defensive unit has initiated its engagement

of incoming waves of LVA it is considered located. At this point it is
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assumed that the ATF fire support organization will engage that defensive

unit through the use of aimed fire. Again it is assumed that the loss

rate will be in accordance with the Lanchester hypothesis for aimed fire,

that is:

dDT
- BetaDT x ATFFS

dt

dDS
- - BetaDS x ATFFS
dt

It should be noted that the right hand side of both of the

equations is to be regarded as synthesized factors to be calibrated

from a previous high-resolution applicaticn.

C. LAND COMBAT PHASE

1. Overview

The land combat phase, like the ship-to.-shore phase, has been

modeled after broad assumptions have been made concerning the type of

forces modeled and force attrition. These assunptions are quite similar

in nature to those assumptions made in the ship--to-shore phase of the

model which would be expected of similar Lanchester-type combat models.

The first assumption is that of homogeneous forces, which was

made as a matter of convenience. The defensive forces will be modeled

as a Tube-Launched, Optical-Guided, Wire Controlled missile (TOW) company

made up of three TOW platoons located in three separate and fixed defen-

sive positions. Each TOW platoon will be comprised of three TOW sections,

and have the capability of withdrawing to an alternate position provided

as input by the user. The aggressor force ashore will consist of the
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consolidated surviving landing force ashore which has been redistributed

into three offensive units.

The second assumption is that the aggressor force urits will fol-

low three user-defined routes as they advance toward the three defensive

force positions. Routes can be supplied by the user, or defaulted to

preassigned routes dictated by the program. However, only three routes

can be utilized.

A line of sight (LOS) model written by Professor James Hartman,

Naval Postgraduate School [Ref. 11], is used, adding great flexibilii:y

to the modeling of the terrain in the basic scenario. This has a direct

impact on the probability of detection during any one time period (t,t+dt)

which is shown as:

P(Unit i does not detect Lnit
j in a time period t+dt'

P(Unit i does not detect
Unit j in a time per- x
iod t+dt)

P(Unit i does not detect Unit
j in a time period t,t+,.t)

The first two assumptions provide a basis for applying the third

assumption which is that attrition of opposing forces will be defined by

direct-fire Lanchester differential equations similar to the shp-to-

shore phase, only modeled in more detail. Figure 3-7 provides the scheme

for the sequence and general flow of events in the model.

2. LVA Movement Conceptualization

a. General

In the original model, aggressor force and defensive force

locations were modeled in two different ways. Defensive force locations
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were left as user inputs, whereas aggressor force locations had been pre-

determined by the model builder, and could not be altered by the user.

This allowed a flexibility of modeling defensive positions, but flex-

ibility was limited because of the method of determining movement routes

for the aggressors. Glenn Mills provided a user option to the model which

permitted the user to model a variety of aggressor force movement scenarios.

This option allows for the choice of attack routes and vehicle speed. In

addition, the option is highly useful to the unfamiliar user of the model

since unit locations and attack routes can be initially set to the model's

default values. Different user selected parameters can be input as the

user acquires a better understanding of the model's algorithm.

b. Model

Three predetermined routes are provided for aggressor force

movements. Each route is subdivided into 40-meter length intervals,

since a nonfiring aggressor unit is assumed to move one such interval

during a time-step of 10 seconds (i.e., average speed of 9 mph). A firing

aggressor unit is delayed a specified number of time-steps before moving

to the next interval by the state variable NOD. Each interval in each

route is represented by its center point coordinates, and by its direction.

If an aggressor unit enters an interval along its associated route, then

it is considered to be positioned in the center of the interval, generating

a possible location error of t 40 meters, since this is the distance

between two consecutive intervals.

c. User-Defined Routes

The user is required to input the original location of each

aggressor unit, and the locations of each of ten nodes he desires the
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aggressor unit to move through as it advances on the defensive unit's

position. This information, along with vehicle speed, is used to calcu-

late route intervals that move the attacking unit through each of the

designated nodes. A complete route would look like that depicted in

Figure 3-8. The method used to complete the routes is as follows.

The straight-line ground distance between the first two adja-

cent nodes (DIST) is calculated as shown in Figure 3-8. The angle between

the desired direction of movement and a straight west-to-east movement (a)

is then calculated. Utilizing these quantities and the distance desired

to be moved during each time-step (DST), the distance to be moved in the

X and Y direction (XLN and YLN) is now computed as shown in Figure 3-9.

These distances are added to the coordinates of the previous interval

endpoint, point C in Figure 3-9, to determine the coordinates of the next

interval endpoint, point D. This same distance is again added to compute

the coordinates of the next endpoint, Point E. This process is continued

until the distance from the last endpoint computed to the next node is

less than DST. This general process is repeated for each pair of nodes

until the entire rcute is completed, or the unit's force level is reduced

to zero or the battle terminated, whichever comes first.

To insure that all intervals are of equal length, the computa-

tion of the first interval between any two nodes must be considered separ-

ately by taking into account the distance left over from the last

computation between the previous two nodes. To accompiish this, the

first interval takes the remaining distance (e) and adds it to an

interval length (DST - e) for the first interval between any two nodes.

This insures that each interval along the route is of length DST, which

is the required length.
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Figure 3-9. Route Computation
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2
3. LOS, Detection, and Fire Allocation

a. LOS

The existence of a line-of-sight between any two opposing

units is determined utilizing a line-of-sight model written and program-

med by Professor James K. Hartman, Naval Postgraduate School [Ref. 12,

and is listed as Subroutine LOS in the land combat phase of the model.

Professor Hartman's model utilizes a parametric terrain model proposed

by Needles [Ref. 13], which represented terrain by modeling individual

hill masses. Each hill is described by a bivariate normal density function,

and fitted together to form a section of terrain utilizing the following

information illustrated in Figure 3-10:

1) (Xc,Yc) - Coordinates of each hill's centerpoint

2) PEAK - Peak height of each hill

3) a - Standard deviation corresponding to
x the X-axis

4) a - Standard deviation corresponding to
Y the Y-axis

5) (p) - Rotation factor

Once the terrain has been "mapped", the existence of a line-

of-sight can be determined for each pair of opposing units. The informa-

tion required to accomplish this is the location and elevation of each

unit, as well as the height of the vehicle each unit uses. Professor

Hartman's model yields the fraction of aggressing Unit A as seen by

defending Unit B, and the fraction of defending Unit B as seen by

aggressing Unit A. Figure 3-11 is used to illustrate this.
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b. Acquisition

The acquisition process was well-modeled in the original land

combat model devised by Joseph Smoler. The model employs the concept of

parallel acquisition, whereby the weapon system continuously searches for

targets, even while engaging other targets. 'When such a weapon system

kills its presently engaged target, it immediately can shift its fire to

a new target, provided that such a target has been acquired either during

the engagement of the previous target just ki11ed, or earlier [Ref. 14].

A general description of the manner in which Snoler modeled target-acquisi-

tion is provided here. However, a more detailed description is provided

in his thesis.

The probability that a Unit j is detected by a Unit i at

time t+dt was modeled for four different combat situations in which the

opposing forces might find themselves. These situati3ns can be summarized

as follows:

Observer Tart

Not firing (t,t+dt) Not firing (t,t+dt)

Not firing (t,t+dt) Firinq (t,t+dt)

Firing (t,t+dt) Not firing (t,t+dt)

Firing (t,t+dt) Firing (t,t+dt)

The formulas derived to compute the probability of detection

for each of these situations have a number of common variables, therefore

their definitions are provided beforehand for clarity:

P ij(t=dt) = The probability that a typical firer in Unit
i has acquired one or more targets of type

j by time t+dt
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Qij (t+dt) = l - P ij(t+dt)]

- .idtSj (t)

QV. (t+dt) = e

The probability that target j is not
visually detected by Unit i during
(t,t+dt) provided Unit j does not
fire during this time interval

where: S.(t) = the number of survivors
in Unit j at time t

and: Xj = the nonfiring detection rate
of one target in Unit j by
one observer in Unit j

QPij (t+dt) = (1 - P ) FR .dtS (t)

The probability that target j is not
detected by a launch signature during
(t,t+dt) provided that target j fires
during this time interval

where: Pk = The probability that one
observer in Unit i is look-
ing in a direction which
enables him to detect target j

and: FR. = The firing rate of one
Sfirer in Unit j

The first situation occurs when neither the observer ror the

target is firing during the interval (t,t+dt). This situation allows the

observer to conduct search operations only, thereby maximizing the prob-

ability of detectlng a target in his sector of responsibility, and has

the target maximizing his probability of not being detected by exposure

to an observer by a launch signature. Thus, the probability of not

detecting in time interval (t,t+dt) is

Qij(t,t+dt) = Qi (t) x QVi (t,dt)
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The second situation occurs when the target is firing during

the search interval (t,t+dt) while the observer is conducting only search

operations. This provides the observer with additional information to

assist in detection of the target. The observer will detect the target

by the target's launch signature. Thus, the probability of not detect-

ing in time interval (t,t+dt) is

Qij(t,t+dt) = Qij(t) x (QVi (t,dt) + QP ij(t,dt) -

QV ij(t,dt) x QP ij(t,dt))

The third situation occ.urs when the observer is firing during

the search interval (t,t+dt) while the target is maximizing the probabil-

ity of not being detected by not firing during the interval. The

observer has lowered detection probability by diverting a portion of

his force to firing on a known target. A new factor is introduced

which will alter the probability of detection, namely the event:

A = The situation in which Unit j is within the
field of view of Unit i, with at least one
of the targets at which Unit i is firing

This states that Unit j, which is not currently firing, happens to expose

itself to firing Unit i when firing Unit i is looking and firing on at

least one other target in j's principal direction. Thus, the probability

of not detecting in time interval (t,t+dt) is

0 if event A occurs

g(n) if j is an aggressor unit
Qiji(t,dt) =and event T occurs

Qij(t) if j is a defending unit
and event X occurs
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where: g(n) is an increasing function of n,
where n is the number of time intervals
elapsed since time t.

and: g(O) = Qij(t)

Qij (t) . g(n) 5 1.0 for all n

The fourth situation occurs when both the observer and target

are firing during the interval (t,t+dt). In this situation the observer

has minimized his searching capability, and the target has maximized its

probability of being detected. Thus, the probability of not detecting

in time interval (t,t+dt) is

Qij(t) x QVi (t,dt) if event A occurs

g(n) if j is an aggressor
Qij(t,t+dt) = unit and event A occurs

Qi (t) if j is a defender unit

and event W occurs

, ) - dtSt(t)
where: QV1(t,dt) = e j J

and: Xi'j ..x RF

RF : Reduction Factor (the detection rate
of Unit i has to be reduced since this
unit fires during (t,t+dt) and the
search for targets is not as effective
as for a nonfiring unit)

St(t) = Sj(t) x (Kk PTTiK)

PTTiK = proportion of Unit i allocated to
Unit K

k = (Unit K is engaged by Unit i and Unit j
is within the field of view of Unit i
while observing Unit K)
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If a line-of-sight does not exist between observer i and

target j, then no accumulation of detection probability will take place

during the current time interval (i.e., Pi (t) will remain the same).

However, if a line-of-sight does not exist throughout more than three
consecutive time intervals, then the Pij is set to zero (i.e., P ij(t) =

0) and the accumulation process will start again from zero if a line-of-

sight is acquired at a later point in the battle. The motivation for

this decision rule is seen by the observation that even if observer i

loses a line-of-sight with target j for a short period of time, he still

probably has some idea of where to expect the target to reappear.

c. Non-Firing Detection Rate

The situations that occurred when the target was in a non-

firing status had detection probability functions that had as a para-

meter Xij, a 'non-firing cetection rate. The manner in which the model

derives this rate is quite detailed, and deserves attention.

To begin, each firer in an observing unit is assigned a

search section (or sector of responsibility) which is characterized by

two parameters (see Figure 3-12). These parameters are the section

width (ISECWD), and the primary direction of search (IPRDIR). Further-

more, it is assumed that the search direction within a section of search

has the following probability density function known as the LIMICON

Function:

f(g) = A + B cos Q -D 5g . D

where: D = ISECWD/2

A -B cos D

B= 2 (sin D - D cos D)
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9 : 0 corresponds to the observer's
primary direction of search

note: A and B are chosen such that

D
f f(o) dQ = 1
D

To determine the probability that observer A is !ooking in

a direction which enables him to detect target B, Pk is the value of the

LIMICON function integrated from an angular value up to 15l- on either side

of the primary direction of fire, specifically:

ANGLFT
:k= / f(G)dQ = shaded area, Figure 3-13
ANGRT

J ANGLE + 150 if ANGLE + 150 !S D
where: ANGLFT

t D if ANGLE + 150 5 D

and: ANGLE = the absolute value of the angle betweer the
the primary direction (IPROIR) and the ob-
server-target direction (OTANG)

ANGRT = ANGLE - 15'

Now, given that observer A is looking in a direction ct such

that ANGRT 1 01 - ANGLFT, the conditional detection rate ( ab I ANGRT <a

< ANGLFT) is determined by a regression curve [Ref. 15] which is a

function of the terrain, target horizontal velocity, and the equivalent

range for a full height target. This detection rate of one observer

detecting one target becomes

b (, I ANGRT I a I ANGLFT) x PXab = ab k
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d. Fire Allocation

Three conditions are necessary for Unit j to be classified

as a target for Unit i. First, a line-of-sight must exist between Unit

i and Unit j. Second, the range between the units must be within the

maximum range of Unit i's weapon system. Lastly, the probability that

a detection of Unit j is made by an observer in Unit i in the time period

t+dt must be greater than 0.00.

Once these conditions are satisfied, the manner in which fire

is allocated to a target depends upon how many targets are to share in

the firepower of Unit i, and what distance exists between i and the

new target in relation to the other targets under fire. The priority of

fire naturally will go to the closest target since it is of a greater

threat to Unit i than the more distant targets. The amount of firepower

available from Unit i is naturally a function of the percentage of

surviving force available to fire in Unit i.

4. Attrition

Attrition of forces is assessed based upon variable coefficient

Lanchester equations of modern warfare [Ref. 16]. This method of attri-

tion assessment was used by David Chadwick in the ship-to-shore phase

of the model, however, in less detail than was modeled by Joseph Smoler

in the land combat phase of the model. The "extra" detail provided by

Joseph Smoler is the generation of the conditional probability of a kill

given a hit. This probability was stated by Chadwick as a user-supplied

input parameter.

The restriction of the model to aimed-fire weapons systems and

homogeneous forces allows for the attrition of forces to be assessed

using variable coefficient Lanchester equations of modern warfare.
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The attrition for a defending Unit j is described by the following

differential equation:

dS (t)

= -(Aij x PROPij) x Si(t)
dt

where: Sk(t) The number of survivors in Unit k at time t

A. The rate at which one firer of Unit i kills
Unit j targets (attrition rate of Unit j by
one firer of Unit i)

PROPkl = Proportion of Unit k allocated to fire
against a Unit I

These basic differential equations of force-on-force attrition were

approximated by the following Euler-Cauchy difference equations:

Si(t+dt) = Max(O,Si(t) - ZAji(Sj(t) x PROPji)dt

for each defending Unit i

and:

S.(t+dt) = Max(O,sj(t) - ZA ij(Si(t) x PROPij )dt

for each aggressor Unit j

The manner in which the attrition-rate coefficient Aij is

derived stochastically already has been discussed in the model

enhancement chapter, therefore, only a description of how the deter-

ministic attrition-rate coefficient is derived will be mentioned here.

The attrition-rate coefficient, Ai., for each equation is

computed according to the equation:
1A.. - ___

E[Tij
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here: T.= the time for one firer of Unit i to killhe one target of Unit j under the conditions

in the present time interval

Tij is computed using the Bonder-Farrell formula [Ref. 17]:

E[Ti .] ta + tI + th + tf + 1 - Phlh) + P(hjh) - P(h)
P(k(h) P(klh)

where: ta = Time to acquire a target

t = Time to fire first round after a

target is acauired

th = Time to fire a round following a hit

tm = Time to fire a round following a miss

tf = Projectile's time of flight

P(h) = Probability of a hit on first round

P(hlh) = Probability of a hit on a round given
that the prior round fired was a hit

P(hlm) = Probability of a hit on a round given
that the prior round fired was a miss

P(klh) = Probability of a hit on a round given
that the round fired was a hit

There are two assumptions of the Bonder-Farrell formula that are

implied by the model. The first assumption is that fire is Markov-

Dependent in that the probability of a hit of any round depends only

upon the result of the previous round. The second assumption is that a

Geometric Distribution describes the parameter P(kJh) in that accumulated

damage is considered to be negligible.

The expected value of Tij, E[Ti], may now be expressed for

each weapon system in the model. It is assumed that for the TOW
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weapon system P(k h) = .0, and !P(h m) = P(h h) = P(h), which results

in the reduced formula:

't +
E[T. t + tf + m + tf) x (1 - P(h))

P(h)

If the firing weapon system is a tank, then it is assumed that P(klh) = 1.0

(due to a lack of information), and that tf = 0.0 (due to the velocity

of the projectile). Thus, in this case the formula becomes:

t
E[Tij] = ta + t1 + _m- x (1 - P(h))

P(hlm

It should be noted that all targets were considered to be stationary

throughout the attrition process. Th',s is obvious in the case of the

stationary defending forces, and was assumed to be the case for the

aggressor forces due to the fact that the hit probability of a TOW

against a moving target is almost the same as for a stationary target.

5. Battle Termination

Two criteria were used as rules governing battle termination.

The first criterion was the annihilation (zero force level) of one of

the two forces. The second criterion was that the distance between

defender and aggressor forces is too small.

The first criterion is an intuitively obvious reason for ter-

minating the battle, and thus easy to model. However, although the

reasons for the second criterion might be as obvious, the modeling of

this is not simple. The manner in which Glenn Mills modeled it was to

compute the distance between each attacking sub-unit on which casual-

ties were being assessed (i.e., still alive), and each defending
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sub-unit that was still alive. If any one of these distances between

active sub-units was too close, the battle was considered to have

reduced to close-in, hand-to-hand combat. The outccme of this type

of combat is not currently provided for in the model, and for this reason

the battle is simply terminated at this point. However, to insure that

the aggressor units do not pass by the flanks of the remaining defending

forces and remain outside termination distance, a check is made of the

location coordinates of each sub-unit. If any aggressing sub-unit's X

coordinate places the unit beyond the location of the most forward

defending subJnit still in the battle, the battle also is terminated.

The specification of the distance between forces for battle

termination is left as a user-input, which provides added flexibility

of breakpoint distance analysis. In particular, it 'ends itself to the

study of optimum breakpoint distances for various weapons systems on

the battlefield.
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IV. FUTURE ENHANCEMENTS

A small-unit amphibious operation combat model has been presented

in this thesis which emphasizes the simplistic and avoids the abstract

to provide an understandable and, more importantly, a useable combat

model for students of combat modeling. However, the combat model pre-

sented has the potential of being developed into a much more refined

model which could be studied and utilized by more experienced combat

modelers. Therefore, several enhancements which might be of some benefit

to the more experienced modeler are mentioned here as possible approachEs

that could be taken in refining the present model.

A. HETEROGENEOUS FORCES IN THE LAND COMBAT PHASE

The current land combat phase of the model involves combat between

homogeneous forces only--that is, each force is comprised of only one

weapon system type. This type of force structure was intentionally

modeled to maintain a relatively simple model to understand and work

with. However, added flexibility could be attained by modeling multiple

weapons system types for each of the opposing forces. This would allow

the user to analyze the effect that different force mixes would have on

battle outcome.

The addition of different weapons system types within a single unit

would require extensive restructuring of the attrition process currently

used in this model. Although Lanchester equations still could be uti-

lized in computing direct-fire weapon system attrition, separate Lan-

chester equations would have to be provided for each weapon system.
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Furthermore, with the addition of indirect-fire weapon systems (i.e.,

artillery, naval gunfire, and close air support) Lanchester equations

for area-fire would have to be implemented for each area-fire weapon

system type. The total attrition of any particular unit then would

be the summation of the damage assessed by each weapons system type on

the target being attrited.

An enhancement of this type would result in more realism at the

cost of longer execution time, and a more complicated attrition process.

Since the original intent of the thesis was to provide a simple model

to understand, it would be advisable to retain a copy of the original

model prior to adding this enhancement. Then a simple model would

still be available to the less experienced combat modeling students,

while a more detailed model would provide the realism that more exper-

ienced modelers would demand.

B. LOGISTICAL SUPPORT

Logistical support is one of the most overlooked factors of combat

in the development of combat 'icdels. The influence that the resupply

of fuel and amMLnition alone have on the outcome of a battle is obvious

and deserves attention.

Ammunition and fuel consumption could be modeled along the same

lines as attrition (i.e., through the use of expected values of con-

sumption). When ammunition or fuel on hand reaches a specified critical

level, a unit could be restricted in movement, or experience a reduced

level of fighting effectiveness and maneuverability (based on a shortage

of ammunition and fuel) until resupply of the critical resource could be

obtained.
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The amount expended of these resources would necessarily be a function

of the number of surviving firers in the unit, the number of vehicles

available to transport the unit, and the number of targets engaged by

the unit at any one time interval. The expected values of these items

then could be used in computing the expected rate of consumption of

ammunition and fuel. Therefore, the overall process could be modeled by

initially allocating specific levels of these resources (i.e., ammuni-

tion and fuel) to each unit at the commencement of the battle, and

subtracting the expected expenditure of the ammunition and fuel of a

particular unit based upon the expected number of survivors firing on

engaged targets, and the distance traveled by the expected number of

surviving vehicles of the unit.

C. GRAPHICAL BATTLE SUMMARY

A graphical display of what is taking place on the battlefield can

be viorth a thousand words to the user of a combat model. Plotting

unit locations and force levels on a display of the actual terrain

fought upon would eliminate time-consuming interpretation of these

results from a printed battle summary report. An enhancement of this

sort would serve both the experienced and inexperienced users of the

model. The inexperienced user would have results displayed in a much

more understandable format, while the experienced user would be able

to study variant combat scenarios with much less effort and time

expended.
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V. FINAL REMARKS

The purpose of the model that has been developed is to illustrate

a number of underlying concepts of combat modeling which have been

addressed in this study. Therefore, it seems appropriate to readdress

these concepts to allow tne reader to reflect upon them in light of

what has just been presented.

A. INTEGRATING INITIALLY INDEPENDENT COMBAT MODELS

The model developed here was made up of two sub-models: ship-to-

shore and land combat models. These sub-models, as discussed earlier,

utilized similar combat modeling methodology (i.e., Lanchester equa-

tions) in computing force level attrition. However, each sub-model

was developed by different individuals, which created several problems

when the two separate sub-models were integrated into a singular con-

tinuous flow algorithm. In particular, individualized FORTRAN coding

techniques and documentazion of state variables within the program

structure required the restructuring of major portions of FORTRAN

code to make the overall combat model tractible and understandable.

This serves to illustrate the need for a standardized programming

technique to be applied to programming of combat models, and high-

lights the need for proper planning and coordination in development

of large scale combat models by teams of combat modelers.

B. THE USER-ORIENTED APPROACH TO COMBAT MODELING

This thesis illustrates the desirability of a user-friendly

approach to combat modeling. It was a major contention of the thesis
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that this approach to combat modeling has not been closely addressed

by combat modelers providing combat models for the United States mili-

tary. Furthermore, it was mentioned that the lack of concern given

to this approach of combat modeling might help to explain the lack of

enthusiasm exhibited by the United States military in utilizing combat

models for the training of field commanders and staffs. The thesis had

as one of its purposes, the presentation of a combat model designed to

be easily understood and utilized by intended users, combat modeling

students. Combat models should be designed and documented with the

user's capabilities and needs in mind, as opposed to those of the

programmer.

C. A COMBAT MODEL FOR STUDENT USE

The small-unit amphibious operation combat model presented here is

a basic Lanchester-type combat model which has been designed with a low

level of complexity in order that it might be understood more easily,

and studied by students of combat modeling. It has been recognized

that combat modeling students may have little or no experience of the

governing theory, and therefore would comprehend the theory of combat

modeling more easily by utilizing and understanding its basic application.

For this reason, enhancements that would increase the complexity of the

model are discouraged, and enhancements that would make the model more

understandable (i.e., graphical battle summary reports) are strongly

encouraged.
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I. INTRODUCTION

The purpose of this manual is to familiarize the user with the model,

and to provide administrative information describing how the potential

user would access and run the model.

The small-unit amphibious operation combat model is a two-phased

combat model which conducts both ship-to-shore and land combat. The

model uses both aimed and area-fire Lanchester-type equations for

casualty assessment. The battle is initiated by an amphibious task

force positioned 25 miles offshore from an opposing defensive force

which is illustrated in Figure A-l. If an amphibious landing is success-

ful, land combat will be conducted inland over a 10 x 10 km piece of

terrain representing an area east of Fulda, West Germany, known as the

Fulda Gap, which is depicted in Figure A-2.

72



Shore Line

ATF

El EJ Frimao
D El M~aveeody

Approach
ELane

DWave

C3omn Asal Waves

Figure A-1. LVA Approach Conceptualization

73

do-



>4 74

- '%- >4
>4 >4~



II. AVAILABLE OPTIONS

The model has been developed with a nimber of options available to

the user to provide more model flexibility for the more experienced

user. Each of these options, including user responsibilities, is

discussed here with the input requirements for each being outlined in

the next section.

A. STOCHASTIC VS. DETERMINISTIC ATTRITION

The user has the option of using stochastic or deterministic attri-

tion computation. Both methods utilize Lanchester aimed-fire equations;

the difference between the two is the method of calculating the attrition-

rate coefficients used in the Lanchester equations.

Deterministic attrition can be thought. of as the expected value of

attrition, and is implemented by using the Bonder-Farrell method of

calculating the attrition-rate coefficient, Ai. The stochastic method

can be thought of as the randomization of attrition, and is implemented

by using random deviates from a Beta Distribution in conjunction with

the range of a target to generate individual attrition-rate coeffi-

cients for each unit at each time-step.

B. VARIANT ATTACK ROUTES

The user has the option of providing variant aggressor force attack

routes. The user can utilize the program's straight west-to-east routes,

or can input desired altered routes for aggressor force units to follow.

To select new routes, a user must input the number of nodes desired on
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each of three routes, and the coordinates of each of these nodes. The

program then will compute routes through each node. The nodes must be

inputed in order from west to east, and should not create an angle

between the west-to-east axis and the route direction that exceeds 450 .

C. ALTERNATE DEFENSIVE POSITIONS

The user has the option of implementing alternative defensive unit

locations. This option permits the user to add more realism to the

model by allowing the defending units to withdraw to alternate positions

when their primary positions become untenable (i.e., distance between

opposing forces is too close). This breakpoint distance is determined

and inputed by the user, and also is used as the distance for battle

termination in the event that the battle reduces to close-in combat (i.e.,

hand-to-hand). The alternative to moving the defenders is to :erminate

the battle when the breakpoint distance is initially reached.

D. BATTLE SUMMARY PRINT-OUT

The user has the option of limiting the printed output of -he model.

The user can receive a battle summary print-out at the coripletion of

each 10-second time interval, or this information can be suppressed,

printing out the results only after eaci phase of combat.
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III. REQUIRED INPUT

The small-unit amphibious operation combat model presented in this

thesis has been provided with a blank data set (see Appendix D) which

includes each variable of the model requiring input provided by the

user, and space available following each variable for the user to place

the desired variable value. However, the definition of each input

variable may not be familiar to the first-time user of the program.

Therefore, the following list of input variables and their definitions

is provided as a quick reference for the user of the model.

Ship-to-Shore Phase

Input Variable Definition

IPRINT User option for selecting type of battle
summary report desired:

0 - Each Time-Step
1 - End of Battle

SPDMAX Maximum speed of LVA in the water.

SPDMIN Minimum speed of LVA in the water.

HTMAX Height of LVA above water at maximum speed.

HTMIN Height of LVA above water at minimum speed.

WIDTH Width of an LVA.

TENGMX Tank maximum engagement range.

SENGMX ATGM maximum engagement range.

SENGMN ATGM minimum engagement range.

TARTM Tank aim-reload time.

SARTM ATGM aim-reload time.
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Input Variable Definition

TVEL Tank projectile velocity.

SVEL ATGM projectile velocity.

TSIGV Standard deviation error in the vertical
axis for Tank fire.

TSIGH Standard deviation error in the horizontal
axis for Tank fire.

TMEANH Bias error in the horizontal axis for Tank
fire.

SSIGV Standard deviation error in the vertical
axis for ATGM fire.

DEFWTS Defensive force tactical allocation weights.

WVINT(i) Initial strength of assault wave I.

DINIT(i) Initial strength of defensive Tank (1=1)
and ATGM (1=2) units.

A(i) Aggressor force attrition coefficients.

B(i) Defensive force attrition coefficients.

WB(i) Aimed-fire attrition-rate coefficients
for defensive force Tank and ATGM units.

GAINL Defensive force attrition level at which
remaining defending forces withdraw and
ground assault commences.

GAMMA Aim-reload time suppression factor.

DELTA Aiming error caused by the suppression
factor of ATFFS

The remaining portion of the input data refers to the terrain model

developed by Professor James Hartman. It is suggested that this portion

of the data set not be altered until the user has studied and fully under-

stands the Hartman terrain model.
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Land Combat Phase

Variable Definition

ITRIT* Input variable denoting whether attrition
will be stochastic or deterministic:

0 - Stochastic
I - Deterministic

DSEED** Double precision seed used in the Beta
Distribution Random Deviate Generator.

PP - QQ Input parameters for the Beta Distribu-
PD - QD tion Random Deviate Generator:

PP-QQ Aggressor force
PD-QD Defensive force

NBU Number of defensive units.

NRU Number of aggressor units.

RMINTK Minimum effective range of an LVA weapon
system.

RMAXTK Maximum effective range of an LVA weapon
system.

RMINTW Minimum effective range of a defensive
TOW weapon system.

RMAXTW Maximum effective range of a defensive
TOW weapon system.

IRTE User option for selecting type of aggressor
force attack routes:

0 - Program determined
1 - User determined

ISPD Speed of aggressor force units:
1 - 9 MPH
2 - 12
3 - 15
4 - 18

XIC(ij), YIC(1,j) Coordinates of the jth interval endpoint

of the route for Unit i.

N(i) Number of nodes for aggressor route i.

Note: *There are two TRIT variables in the data set. The first ITRIT
refers to the aggressor forces.

**There are two DSEED variables in the data set. The first DSEED
refers to the aggressor forces.
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Variable Definition

XLOC(i,j),YLOC(i,j) Coordinates of node i for aggressor route i.

X(i),Y(i) Location of defensive Unit i.

FL(i) Force level of a defensive Unit i.

IPROIR(i) Principal direction of fire of defensive
Unit i.

IALT User option for selecting alternate
defensive positions:

0 - Yes
1 - No

BREAK Breakpoint distance between aggressor
units and defensive units.

ITEM Input variable denoting number of time-
steps allowed for aggressor unit moves.

XA(j),YA(i) Coordinates of alternate position for
defensive Unit i.

P(i,j) Probability of first round hit by Unit i
in range band j.

PHH(i,j) Probability of a hit following a hit by
Unit i in range band j.

PHM(i,j) Probability of a hit following a miss by
Unit i in range band j.

PKH(i,j) Probability of a kill given a hit by
Uni' i in range band j.
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IV. EXPECTED OUTPUT

The small-unit amphibious operation combat model's output is

designed to be self-explanatory. Each phase of the amphibious opera-

tion is reported in the output of the model. The output format for

each phase will include an initial information section to provide the

user with feedback concerning the operation of the model as read-in

by the model from the user-supplied input data. This serves as a check

and a record for the user to insure that the model was run according to

the intended design of the user. Secondly, battle sunriary reports are

provided at specific points of the battle depending upon the desires

of the user as input by the user option variable IPRINT. An example

of the model's output is displayed in Appendix F.
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V. ACCESSING AND EXECUTING THE MODEL

The prospective user who wishes to study the small-unit amphibious

operation combat model must first contact Professor James Taylor of the

Operations Research Department and obtain the user identification

number and password for the disk space containing the model and its

support programs.

A. ACCESSING THE MODEL

Once the required information is obtained, the user should proceed

to LOG ON to his OWN disk space entering the CMS mode of operatio.

Upon entering CMS, the following commands should be executed:

LINK TO (USER ID*) 191 AS 192 RR

PASSWORD

ACCESS 192 B/A

COPYFILE AMPHIB FORTRAN B = = A

COPYFILE SEA DATA B = = A

COPYFILE LAND DATA B = : A

COPYFILE BSEA DATA B = = A

COPYFILE BLAND DATA B = = A

COPYFILE WAR EXEC B = = A

RELEASE 192 (DET

*Note: USER ID refers to the user id provided by Professor Taylor.
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What is-received on the user's disk is a copy of the following files:

1. The Small-Unit Amphibious Operation Combat Model (APPENDIX 3).

2. A complete data set: SEA and LAND (APPENDIX C).

3. A blank data set: BSEA and BLAND (APPENDIX D).

4. The model's executive program: WAR (APPENDIX E).

B. EXECUTING THE MODEL

To execute tne model utilizing the data set provided, the user must

first compile the FORTRAN program, AMPHIB, by entering the following

commands:

DEF STOR 1M

I CMS

FORTGI AMPHIB

Once the program is compiled, the user enters the name of the

executive file WAR, which then executes the program and displays the

listing file of output from the model, (i.e., AMPHIBI LISTING (APPENDIX

F)) in the BROWSE mode of XEDIT.

C. ALTERING THE DATA SET

The user may desire to invoke one of the available options provided,

or alter specific elements of the existing data set to "play out" various

combat scenarios. To alter the existing data set, the user first decides

whether to alter the ship-to-shore phase of combat, or the land combat

phase. Once this has been established, the user can simply XEDIT the

appropriate data file, replacing the old input data with the new input

data.

To construct an entirely new data set, the user should make use of

the blank formatted data set provided. The user simply XEDIT's the
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BSEA or BLAND data files, inputting new data by typing over the spaces

provided. The variable names are listed in both of the data sets, as

well as in Chapter III of this user's manual. The space provided in

the blank data sets is designed to be compatible with the READ format

statements of the program.

0. EXECUTING THE MODEL AFTER ALTERING DATA

If the user has just altered specific elements of the data set pro-

vided without altering file names, the user will once again enter the

name of the executive file WAR, and enter the new data set file names

where appropriate. Once this editing of the executive file has been

accomplished, the user simply enters the executive file name WAR to

execute the model again.
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VI. PROGRAM STRUCTURE

The small-unit amphibious operation combat model is a computerized

model written in FORTRAN. It consists of a main program and 19 sub-

routines. To assist the user in understanding the operation of the

model, a brief description of the function of each subroutine, as well

as the functioning of the main program, is provided.

A. MAIN PROGRAM

The main program serves as a director program for the model. It calls

for the initialization of data for the ship-to-shore phase of combat, and

then commences the execution of that phase of combat. The results of

the ship-to-shore phase of combat as provided by subroutine SEA are

then reviewed to determine if the land combat phase of combat should

begin, or if the battle should be terminated. If the results warrant

a continuation of the battle, the reason for continuation is printed

and land combat is initiated.

B. SUBROUTINES

There are 19 subroutines in the model. The function of each has

been provided at the beginning of each subroutine in the coded program,

and also is presented here for clarity.

1. Subroutine SEA

This subroutine is the main driver program for the ship-to-shore

phase of the amphibious operation. Its main purpose is to initialize

key parameters, and to direct program flow in the ship-to-shore phase

of combat.
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2. Subroutine RKINT

This subroutine provides the interface between the EULER numerical

integration routine (RKLDEG) and the subroutine ATTR which determines

each unit's status as time progresses throughout the amphibious operation.

3. Subroutine ATTR

This subroutine determines the attrition rates and updates the

status of each unit with respect to shore movement based upon the given

state variable strengths, and implements this information into the attri-

tion loss-rate computation.

4. Subroutine DTGTS

This subroutine determines the wave numbers that are to be engaged

by the defensive Tank and ATGM units, based upon the engagement window

criteria and LVA wave survivor force levels.

5. Subroutine DATAIN

This subroutine reads in all user-supplied information required

by the ship-to-shore phase of the model.

6. Subroutine OUTPUT

This subroutine provides an input summary printout based upon

the data received by subroutine DATAIN. A printout of dispersion data

generated as a result of data supplied also is provided.

7. Subroutine PHIT

This subroutine computes the probability of a hit based upon

the range, width, and height of a given target. The hype of weapon

being employed against the target then is taken into consideration for

computing the specific probability of a hit.
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8. Subroutine INTRP

This subroutine is a check to insure that the range of a target

and the dispersion data are compatible for computing the probability of

a hit in subroutine PHIT.

9. Subroutine RATE

Given the range and speed of a target, along with the type of

weapon being used to fire upon the target, and the suppression factor

the firer is being subjected to, subroutine RATE computes the rate of

fire used against a particular target.

10. This is the primary subroutine of the land combat phase of the

amphibious operation. Information required for the operation of the

land combat phase is read-in and printed in a summary table for user

review. The information provided by all other subroutines used in the

land combat phase is used in this subroutine as input to the basic land

combat algorithm.

11. Subroutine SETUP

This subroutine is used to read-in the terrain data and create

parametric terrain. The terrain data will be used when computing

line-of-sight between targets and observers, as well as providing a

grid system for unit locations and movement.

12. Subroutine ROUTE

This subroutine computes the route of each aggressor unit when

the user has selected the option of inputting aggressor routes. It

calculates the coordinates of each interval endpoint along the route,

making each interval length (distance moved during a ten-second time-

step) the same. The interval length is determined by the speed the user

has selected and inputted f(or the current battle.

87

4T 1lp

1_ 10 0



13. Subroutine LAMBDA

This subroutine used in conjunction with the line-of-sight

routine computes the detection rate (DETRAC) of target j by the observer

i, given the percent of target visible (PCTVIS) to the observer.

14. Subroutine ELEV

This subroutine determines the terrain elevation for a given

3et of X, Y coordinates. This function is used in conjunction with the

line-of-sight subroutine in computing a line-of-sight between observer

and target.

15. Subroutine STOCH

This subroutine determines the attrition coefficients when a

user has selected a stochastic attrition option. The calculation is

a function of the original stochastically determined attrition coeffi-

c.ient, as well as a function of range.

16. Subroutine ETK

This subroutine computes the expected time for a given firer

to kill a given target. The calculation is a function of range, time

of flight for a round, and hit and kill probabilities for the firing

weapon system. It is a number that is used in computation of the

deterministic attrition coefficients.

17. Subroutine SORT

This subroutine is used to sort targets in ascending range

order. This is used to determine the priority of a target for fire

allocation.

18. Subroutine KOVER

This subroutine determines what portion of a particular target

is covered by the terrain between the target and observer.
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This number is used both in the detection of the target, and in the

attrition computation.

19. Subroutine LOS

This subroutine was written by Professor James Hartman, Naval

Postgraduate School. It computes a percent of a target visible to a

particular observer, given the location coordinates of both.
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VII. DEFINITION OF VARIABLES IN COMFUTER PROGRAM

A. VARIABLES USED IN THE SHIP-TO-SHORE PHASE

A(i) Aggressor force attrition coefficients.

ATFFS Amphibious Task Force Fire Support.

B(i) Defensive force attrition coefficients.

CDSURV(i) Current strength of defensive Unit i:
1 - Tank
2 - ATGM

CSURVE(i) Current strength of assault wave i.

DA(i) Attrition rate for defensive Unit i due to
the effects of ATFFS/TLF.

DEFWTS Defensive Force lactical Allocation Weights.

DELTA Aiming error caused by the suppression factor
of ATFFS.

DINIT(i) Initial strength cf defensive Unit i.

DS1 That portion of the defensive force ATGM
unit assigned to engaging the closer of two
multiple waves in the ATGM engagement window.

DS2 That portion of the defensive force ATGM
unit assigned to engaging the farther of
two multiple waves in the ATGM engagement
window.

DT1 That portion of the defensive force Tank
unit assigned to engaging the closer of two
multiple waves in the Tank engagement window.

DT2 That portion of the defensive force Tank
unit assigned to engaging the farther of
two multiple waves in the Tank engagement
window.

DT1PH Hit probability of rounds fired by OT1 against
the assault wave in its engagement window.
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DTIROF Rate of fire utilized by DTI against the
assault wave in its engagement window.

GAINL Defender attrition level at which remaining
defending forces withdraw and land combat
commences.

GALF Denotes whether the landing force buildup
is sufficient for land combat:

O - Insufficient
1 - Sufficient

GAMMA Aim-reload time suppression factor.

GATK Denotes whether the landing force has
initiated the land combat:

O - Not started yet,
1 - Started already.

GATM Time at which land combat commenced.

IL(i) Denotes if wave i has reached the shore:
0 - Wave i not ashore,
I - Wave i ashore.

IPRINT Denotes whether the user desires tattlE
summary at each time-step, or just a
final summary:

0 - Battle summary printed after each
time-step,

1 - Final battle summary only.

IWPN Weapon-type code: Tank = 1, ATGM = 2..

IWSTAT(i) Current status of assault wave i:
O - Not engaged,
I - Landed,
2 - Under fire by ATGM,
3 - Under fire by Tank,
4 - Under fire by both ATGM and Tank.

RD Distance offshore at which waves initiate
their transition.

RKSURV(i) Concatenation of CSURV and CDSURV.

SA(i-) Attrition rate for wave i due to ATGM.

SARTM ATGM aim-reload time.

SENG(i) Wave number of the closer of two assault
waves in the ATP! engagement window.
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SENGMN ATGM minimum engagement range.

SENGMX ATGM maximum engagement range.

SRNG(i) Firing range to wave SENG(i).

SSIGH The standard deviation error in the
horizontal axis for ATGM fire.

SSIGV The standard deviation error in the
vertical axis for ATGM fire.

SVEL ATGM projectile velocity.

SWTS(i) The proportion of the total defensive
force ATGM strength to be allowed to
engage wave SENG(i).

TA Time first assault wave initiates its
transition.

TA(i) Attrition rate for assault wave i due
to Tank fire.

TARTM Tank aim-reload time.

TB Time first assault wave completes its
transition.

TBW The interarrival time between waves
arriving at the beach.

TFF Time first assault wave reaches the beach.

TENG(i) Wave number of the closer of two assault
waves in the Tank engagement window.

TENGMX Tank maximum engagement range.

TMEANH The bias error in the horizontal axis
for Tank fire.

TMEANV The bias error in the vertical axis
for Tank fire.

TRNG(i) The firing range to assault wave TENG(i).

TSIGH The standard deviation error in the
horizontal axis for Tank fire.

TSIGV The standard deviation error in the
vertical axis for Tank fire.
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TSURV Total number of surviving LVA ashore at

the current time.

TVEL Tank projectile velocity.

TWTS(i) The proportion of the total defensive
force Tank strength to be allowed to
engage wave TENG(i).

WB(i) Aimed-fire attrition-rate coefficients
for defensive force Tank and ATGM assets.

WID Width of LVA.

WVINT(i) Initial strength of assault wave i.

WVRNG Firing range to assault wave i.

B. VARIABLE USED IN THE LAND COMBAT PHASE

ALPHA(i) Initial attrition-rate coefficient for
stochastic attrition option.

ANGH(i) Orientation angle of the hill ellipse
measured in degrees counter-clockwise
from East to the major axis.

APOA(i,j) The average proportion of the j th attacker

of Unit i allocated to fire on Unit i.

AVD Average distance.

AVSP Average speed of moving aggressor units.

BASE Overall terrain elevation above sea level.

BREAK Breakpoint distance between aggressor units
and defensive units.

DISMAX Maximum distance allowed between aggressor
units before the leading unit is delayed.

DIST The straight-line distance between two
movement nodes input by the user.

DST The distance in meters to be moved each
time-step by aggressor units.

ECC(i) The eccentricity defined as the ratio of
major axis length to minor axis length.
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2L(i) Force level of Unit i.

FO(i) Initial force level of Unit i.

!ALT Denotes whether the user desires alternate
defensive positions or not:

0 - Yes,
1 - No.

IC Counts number of time units a defender
has been moving.

IDIR Direction of jth interval in i th route.

!I(i) Interval index for Unit i.

IITIME Current time.

IMAX Maximum number of time intervals allowed.

IMOVE Number of time units a defender is allowed
for moving to an alternate position.

IPRDIR(i) Primary direction of fire for defensive
Unit i.

IRAN Range.

IRTE Denotes whether user wants to input routes
or not:

0 - Program determined routes,
I - User determined routes.

ISE A switch variable set to I when the defen-

sive force ATGM unit initiates its fire.

ISECWD(i) Width of search sector for defensive Unit i.

ISPD Input variable to denote user's desired
speed for aggressor force movement:

1 - 9 MPH,
2 - 12 MPH,
3 - 15 MPH,
4 - 18 MPH.

IT Current time period.

ITE A switch variable set to 1 when the defen-
sive force Tank unit initiates its fire.

ITEM Input variable denoting number of time-
steps allowed for aggressor unit move.
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ITIME Current time, in seconds, of battle.

ITRIT Input variable denoting whether attrition
will be stochastic or deterministic:

0 - Stochastic,
1 - Deterministic.

IUSTAT(i) Current status of Unit i:
0 - Alive, not firing,
I - Alive and firing,
2 - Killed,
3 - Moving..

LVAFR Firing rate fo- LVA weapon system.

LATOB Indicator variable for one- or two-way
LOS calls:

0 - Do net compute LOS from Unit A
to Unit B,

1 - Compute LOS from Unit A to Unit B.

LISTH(i) List of hill numbers for each grid square.

LOA(ij) The number of -he jth target of Unit i.

LOST(ij) Denotes whether line-of-sight exists
between Unit i and Unit j.

thLOT(ij) The number of the j target of Unit i.

LST Index number for the first hill listed
for grid square (i,j) in LISTH(i).

MVTDIR(i) Movement direction of Unit i.

N(i) Number of nodes inputted by user for
route i.

NA(i) Number of aggressors of Unit i.

NBU Number of defensive force units.

NCVELS Number of forest ellipses in terrain.

NF(i) Number of time units a Unit i is allowed
to fire at the same location.

NHL(ij) Number of hills in each grid square (i,j).

NHILLS Number of different hills to be modeled.

NHTOT Total number of hills modeled on battlefield.
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NLOSC(i,j) Number of continuous time-steps that LOS
does not exist between Unit i and Unit j.

NOD Number of time intervals Unit i delayed

in movement.

NOI(i) Number of intervals in the i th route.

NRU Number of aggressor force units.

NT(i) Number of targets of Unit i.

OFL(i) Force level of Unit i during previous
time-step.

P(i,j) Probability of first round hit by Urit i
in range band j.

PHH(i,j) Probability of a hit following a hit by
Unit i in range band j.

PHM(i,j) Probability of a hit following a miss by
Unit i in range band j.

PKH(i,j) Probability of a kill given a hit by
Unit i in range band j.

PM The proportion of time a moving unit is
searching for targets.

POA(ij) The proportion of the jth attacker of
Unit i allocated to fire on Unit i.

POL(i) Percent of Unit i lost duying the current
time-step.

PTT(i) Proportiqj of surviving firepower allocated
to the i target if there are i targets
available to be engaged.

RANGE Current minimum distance between aggressors
and defenders.

RKATTR Vector containing the current attrition
loss rates to be applied within the
Euler integration routine.

RF Detection rate reduction factor for a
firing unit (in comparison to a non-
firing unit).

RMINTK Minimum effective range for an LVA

mounted weapon system.
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RMINTW Minimum effective range for a TOW weapon system.

RMXTK Maximum effective range for an LVA mounted
weapon system.

RMXTW Maximum effective range for a TOW weapon system.

ROF Rate of fire.

ROT(i,j) Range of the jth target of Unit i.

SIZETK Size of LVA weapon system.

SIZFTW Size of TOW weapon system.

SPRD(i) Measure of hill size which is defined to
be the distance in meters measured along
the major axis from hill center to the
contour line which is 50 meters down from
the peak.

SUMBO Total- defensive force level.

SUMRO Total aggressor force level.

SUPFAC Suppression factor.

TA(k) Time to acquire a target for kth weapon
system type (k = 1, 2).

TF1(k) Time of flight to lO00m for kth weapon
system type (k = 1, 2).

TF2(k) Time of flight to 2000m for kth weapon
system type (k = 1, 2).

TF3(k) Time of flight to 3000m for kth weapon
system type (k = 1, 2).

TH(k) Time to fire a round following a hit
for weapon system type (k = 1, 2).

TI(k) Time to fire first round after target has
been acquired for weapon system type (k = 1,2).

TM(k) Time to fire round following a miss for
weapon system type (k = 1, 2).

TMACI,TMACJ Elevation of Unit i and Unit j in LOS model.

TOWFR Firing rate for TOW weapon system.
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TPOL(i) Total percentage of lost since battle began

for Unit i.

VISFR(i,j) The fraction of Unit i as seen by Unit j.

VISFRA Fraction of Unit A as seen by Unit B.

VISFRB Fraction of Unit B as seen by Unit A.

X(i),Y(i) Coordinates of Unit i.

XA(i),YA(i) Coordinates of alternate position for
defensive Unit i.

XC(i),YC(i) Coordinates of center of hill i.

XIC(i,j) Coordinates of the jth interval endpoint
YIC(ij) of the route for Unit i.

XL,YL Distance added to previous interval endpoint
for vehicle to move DST during a time-step.

XLOC(i,j) Coordinates of the jth node inputted by
YLOC(i,j) the user for the route of Unit i.
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APPENDIX B

COMPUTER PROGRAM

for the

SMALL-UNIT AMPHIBIOUS OPERATION COMBAT MODEL

The small-unit amphibious operation combat model is a computerized

model written in FORTRAN. It consists of a main program and 19 sub-

routines. It was designed to serve as a reference to itself in order

that the reader would not be forced to refer to various manuals outside

of the program each time an explanation of the functioning of a parti-

cular aspect of the program was desired. A listing of the computer

program follows.
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c TVIS PRCCPA4M IS A~ SMALL-iJ IT AIPPHIBICUS CPERATTCON COF'BAT MODEL
C UTILIZ IhC LAN0h-ESTER-TYPE EQUATIONS TO COMPUTE ATTRITICI.
C 1T CCtISV!1S CF 7,%c eAsic PHASES, THE FIRST BEING TFE ShIP-TO-S1'ORE
C CC~eAT P ASE I AN~C 7E SECONO eEING THE LAND CD048AT PHASE.
C ZF**~ IP-7O-!I'CRE PHASE CCPOMON BLCC( VARIABLES **
C

7 e W 9D IN I I 2) ,GA 1 L ,I hSI 4 T (5
CCM.MCN /ENC*R/ SPECM.tXSPD MiN-TMAXHTM!NTTS,TAA,TBTFF

C fA~l :.4~-x ,SENCGMN, TAR TM,SARTA4,TVEL,
*SVEL90EFW'7S(2)
CCMMfOI /SUPEFT/G.1;AADEL TA
CCMMCN /ICUT/T~tbFV,'RIIT

C
C ** LANC CCMBAT PHASE CCMMCN BLCCK VARIABLES V**
C

CCtAMON /CRPl/ IPPOlR(6Ptl!ECWC(6p,$VTDIR(6 X (6,,Y(6,oSD3(61
CCMMCN /CRP2/ TA(2),T1(2) ,7 J2),TM(21tTFI( 2 7F2(2) ,TF3(2),

* IOIR(3 ,2C0),AV SF, SPC

COMM(29N RFILZ x)C(Il-'A(6' 6 1 LA(6,6),Ai(~)90L6,P --(OOI

C OMP.CN /t- ILLLS / =C(00 )P)X 1C),P~YY( IOL,PXY) 100O1hbASE
C 0MM cN /1- 1LL S ! ~L L S
COMMC)N /CCVEPR/ CXC(150),C'NC(1IC),CPEAK(15CI,CPXX(l.50ICPYY(150I
C014MCN /C' ./ PXY(1501vKVELS
COMM"CIN /C CL~l);',/ 0 ,Kl-In, KV 9N 9 11GRS iKELLK 1NT
COt4:4CN / CR i / LS T (5, 4) AH L ('t4 ) tLIST H( * 50 ) 9HRE P (150) KTRE P
COWMVJ.* /C-PI2/ LSTC(5,43 ,NC(5,41vLISTC(40ij ),iCREP(1 50)
C OM~CN /CR;Pb/ ALFI-A( 6)
COMMON /CPP7/ XA (C ),9YA(6 ) 9IMCVE(6 I

C
C 4**** MAIN DRIVER PRCGRA4 **0**
C

C-A M= 0.
GA 1=0.

C *.INITIALIZE 3ATA C'L SHIP-10-SI-CRE PHASE
CALL DATAIN

C
CALL SETLP

C CCNUC cc!ccrS-IP-TC-ThFCRE COMEAT PHASE
CALL SEA (CArMCAr
IF(GATK.NE.O.1 GC 7C 5

wk IT E (6,600

SIF(GATK-2.Cl 1CZC,3C
10 w R 1.E (6 .13 1

GC 7C 40
20 WPITE(6,62CI

GC TC 40
3C r hI TE (,6?0)
40 WRITE(E164C) CA7M

C *** CCICUCT LANO CC4'EAT PHASE
CALL GRCLhO(GAlhl,7SURVIPrINTpTTS)

C
AE00 FCPMAT( 1. 'TOTAL LANDEO LINDIIG FCPCcS STRENG'H IS INSUFFICIENT$,

*0 FOR GACUND ATTACKI)
6JO FCRtAA(1l) LAhC CCM'BAT STIRTS WHIL5 SI-CRE COMBAT IS GOIN QN-)
t0FCPMA?(IX , LANC CC0SAT STIRTS AFTER CEFENDEP BREAKS CCNTACT')

630 F C P4AT ( I 'L ANC CC40 AT S 7ART S AFT ER AL L WAVE S L ANDED I)
e4C FCFMAT I/1~o'LAND CCMEAl AITACK TIME ol,F6.19' SECCNCS'I

STCP
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Ch
SLeROUT I E SEA(GATPGA7KI

C**SLeROUT INE IS T1-E MAIN CRIVER PROGPAM FOJR THE SHIP-TC-SHORE
Pt-ASE OF 11-2 APPI-IeICUS OP=RAT!C:,*. !TS MAIN PURPOS!: IS TO

C INITIALIZE KEY PtF.AMTSFgS ANO TO DIRECT PRCGRANI FLNw FCA THE
C St-IF-TC-SHCRE PPASE CF COtBAT
C CCIFMCN /flPH/IL(f),Wf(Z)(21812IEISE,RDvWVNT(5,WdIDI

CC10MGN /ENGR/ EPCM'A,SPD$~iNvTt'AYHT)'tNTTSTAATe,TFF
C

CALL OUtP7LI
IRC=500
ITEW,120
RC:I.O*1FD
TEIR=.O*ITBW

C *CCYPTAT!CN OF F!FST I Al E TPM E
C TA-7I'dE FIRST 'AAVE INITtATES TRAN5ST34
C T8-TIPwE FIRST AVE CCPPL2EE TPANS:TlICN
C IFF-TINE FIRST iAVE REICriES 7THE 6E-CH
C

TAAz( 5COC.-RD) /SPCMAX(
TE-T'IAA+ IIS
TFF-TB+(FC-CO.5v(SPCPAX-SFMI1N'uTTS)-lI5O.Jf5POMIN
GEL= LU.

C WFITF(6,6C01 RtvTE'.
C600 FC;MAT(/9lX,'IIEFATI0'N INITIATED. .. RD0='#FI0.3rIX, TW=

C *,19F.3)
CALL RK11bT(DEL,TltNTvN9GATfirGATK)
RElUPN
ENC

C
C

SLEROUTINc RKIT'(TI,lNGlTtGATK)

**SteROUrINE RKINT FRCVICES THE 1NTERF ACE BETWSEN
STHEF eU.LES NUMER'ICAL I'WTEGFAT-cQ. RUT\lKLD-Q

AKC THE ELRCZUIP.E A17R nl-ICHl 'TE;ZlS EAC!
C Ut'TS SItTUS tS TIME PPUCRZSSE:S T'4RCUfGHOUT rHE

APPISILEUPEPA71CN

CC?0NCN /ICUTTSU,t ;IT

DII'ENSICN RKSUR(,)RKATR ,)T0, RC3,2,),TIE(2O01
C
C l*** VAP I 8L z EF INI T 7 NS
C INAX -J'XIMUP ALL CWjtdEL NMJMsi E 4 0 T Ir= INT=RV &L S
C IL(I A SWITCH 'vARI ELE 4.H-SE -LFAEOF I IS SET TC I WHEN
C IkAVE I APRIVES.ATTHE-. 8EAC'4
C ISE - 0A SITCH VARIARLES SET -.C I. vwvEN THE OE-F.ATC-M
C UNIT IMITIATES ITS TIRE

C IT - CUPFE T TIME PEOICQ
C l - A SW-ITCH 4,ilELES, SET 7C I WHEN THE DEF.TANK

C UNIT INITIA',:S ITS FIRE
C T - CURRENT TII'E

C TSLRV - 7CTAL NUl'eER OF SIRVIVING LVA AT THE CURRENT TIME

****:* STATi 'AR148LE- OEFII\ITICNS *****
c CDSURV(I I- CURRENT STRENCH CF DEFENSIVE FORCE I
C I a 1 TtNK

C1 22 A IGM'
CCURVI I) -CURRENT! STqENG1H OF ASSAULT WAVE I
IIT (I ) -INI IIAL STRENGTH -. r CEFEIIS IVE FORCE I

C R.KSUqV(lI CCNCATENATIOlN OF CSURV AhD CDSURlV
C k#VINT(I) -INITIAL STRENGTH OF WAVE I
C
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GALF-O.

TSLPV=O.
TII'E( I uC.
cc 10 1;15

CSUR (I lmWVINT( Il
7SUR, TSUPVCS. PV (I)

1ThI(I)=C
10 CCfNTINUE

cc 15 1.1,2
COSURWIi=C IN IT (

15 CCINTINUE
cc 20 J:1 12

20 T47T~t .4I-0.
ICC15 1 15

25 9(SUPV( I )CSURV~ll
kKSLRV( 6 )CSLR '( 1)
RXSURV(7 )zCSUR "I 2)
CC 30 1=1,7

10 RKATTR ( I I C.
IN 1 0

120 CALL ATIF(TCSLR v,CCSURV,TASA,CAGALFGATKGATM,1IX
C
C ***ST9TE VARIAELE PEF!NIT IONS *=
C DAMl - 47TRITICN RATE FCP DEFENSIVE UNIT I JE -0
C INE EFFECTS CF ATFFS/flLF
C 'tb(1) - 1TRITICh RATE FCF WAVE I DUE TO ATGM
C TAill - ATTRIVICN RATE FCP WAVE I DUE TO TANKS
C
C FKATTR(1) IS A VfCTCF; CCNIAINING THE CURRE:4T ATTRITION

LOSS RAI7ES TC 8E APPLrEO 41?MIN THE EULcSR
INTEC-RA71CN RrUUINE TO THE STATE VAPIA3LES.

C1:115 LVI WAVES 1-5
1 6 OT
1=7 OS

Ix = IX + 7
IF(IL(1'I.EC.991 CCTC 1--O

DO 4C 1=195
FKSURVII )=CSLRV( I)

4,0 RKATTF(1)=(TA(i )+SA(I1 *(.1.0)
CC 45 1:1 2

RKSUR, 0 1+)=CCSUFZV( I)
45 Rl((T7R( 145 )=-1 .0AA( )

S-PKLDEr.(l,RKSLPv,PK.ATTF, 1,HgIVT)
LSINK - I

DC 50 1=1,
IF (LE!NKeEC.Cl GC TO '6

CSLRV ( I) - CSUPV I) + RKATTR I)
CC TC f0

46 CSURV(II a RKSLPV(I)
50 CCflTINUE

DC !5 1;),2
CDSUR'(IRSR(15

55 CCNTINLE
IF(S-i1 10,2.~

110 WI TE (6 9600)

130 CCKITNUE

ISLRV=O
CC 65 La145

65 TcLRVT t %CSLR'(t)
!I(TSUV.LE. C.) ISLR =0.

TIME 17)=T
IF(PRIN1I.Eg.11 GC TC 999
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C F* RINT RESLLT OF SI-IP-TC-SI-0RE MGVEMEIKT AFTER EACH TIME STEP
loPITE(6rdIC) T
bkF TE(6 .62C2
ccPLOST-.-CStiRVtI )/WVINT(I I

bWRITE(69630) ICSURV(I),IWSTAT(I),PLOST
7C CCNTINUE

FLiCSTxi.-CSURV(5)/1mVINT(5I
64 i TE~c. 6401 C SUFVd5) ,IW~S7AT(5 )tPLOSTTSURV
FLCST21l.-CCSUR'v(:a/DINIT( Il
i4FITF(besfC) CCSURV..I,PLCST
FLCSTx1.-CcsUP.%()/CiNI'(Z2
TASURV= CSURV( 12'CCSLRV( 2
bFITE(69,6C) CCSL.FV(2i ,PLCSTTASURV

SSS CC.NTINUE
c
C *** DETERMINE R: Tf-E FIRING RAN4GE TO THE LAST INCOMING ASSAULT WAVE.
c

RaFNG(T-4.*TBh 2
C *V* UEIEKMINE IF ALL vtAVES LAb0cL AND LAt'U COM13AT STAkTEC

NCIE: THE MODEL IS T:RMINCTEO IF:
E 1. T2-E FIPING RANGE TC THE LAST ASSAULT WAVE 1S LESS

c 7PTAN 75 ?HE7ER!.
C 2, THE DEFENSIVE 8kEAKPOINT HAS BEEN REACHEC
C ?. T14E PAXIMU11 NIMBER CF ITERATIONS H4AS BEEN EXCEEDED
C

IF(RALT.7!.) GC TC 2C0
IF(11.G1.IYAX) GC TC 2CO

IF(IL(1I.EC.S9) GO TO 2CC
CC IC 120

200 K*17
C *** PRINT RESULT OF THE SHIP-1O-SHCRE COF9AT PHASE

IFITE(69610) I
ikPITE(6,bZC)
CC 90 121,4_slz~r/vl171

WRITE~t663C) iCSLRY(I)9Ib'S1AT(I2,FLCST
go CCNTINUE

FLCSTz=1.-CSUJRV(5)/1oVINTC5 I
VaRITE(6,f4C) C~t;(5191 .S7AT( 5)*PLOST,ISJRV
PLDSTl. -CC3UR V Ii) CIN IT( 1 )
%FITE(6#65C) CCSL9Y(1)93LIST
FLCST =1.-C0SUjRV( 2 3/DINI-i1;
7AZUFV=CCSuRV (1 )-CCSLRVC2 1
Vi I TE(6,6; CJ V SL(21sPLCST9'.ASJRV
6F ITE 6 ~ 67C) SUR%
IF(GATi(.GE.1.) GC TC 999Q

IF(TSUPV.L7.S.) GC T0 S999
GAIK=3.
GA7114T

959'; CCKTINUE
600 FCR4AT(IXt'ERPCR..S.NE.l.CP.2'
61C FOFMAT(//IX,*'IE 'F6 1 LXj1'SECc'!Ds'//2620 FOFMAT( Y, 'WEAVE*,9;X,'IICgCE LEVEE' 92X I'STATUJS't2Xu' LCST-OCTI ,

*2X9'I TTAL SUPVIVINCG)
630 FORMAli2XI1,3,F1.C.4,5XI1 ,5X.Fe.31
640 FOPMAT(2X, '51 v -. F!0.4,5X ,il 9!X,F 0.3 t7XF5.22
650 F MTIl :T h 'vXvl.t:I 8 3
e6C F FCAT1IATGPf,X,FlC.4 ltF8.3,7X,F5.Z)
670) FOPMAT(lX,'FINAL LVdA SURVIVORS ASHORE= ',F1O.3)

R E TLR.4
ENO

C
C
C

FUI'TICN FKLDEC(I'YFX0t-9NT1
OI~wENSICN '(2F1.(5
NIhNy~l
GDC TO ( 1 2 v3 t4 1,NKI

CC 11. Ju,

103



XwX#AA
GC TC 5

2 W+AAS
GC TO5

3 XxA+AA
GC TO 5

4 CC (; L=19N
6 Y(L)=Y(LI4AAt F (Li

XaX+AA
PILOEC:Z.
!cC TO

5 CC 7 11,.N
7 W1)=Y(I)+AA*F(I)
RKLOEQ=1.C

8 FE7URN

C
sUeROUTIAE ATTR(7,CSURV,O!URV,TASACAGALFGA-KtGATN,IX)

C
C * GI'VEN TI-E CUPRENI TIM=~ AN[ STATE V4RIAELz STRENGTHS,
C SLERCUTINE ATTR CETERAIINE! THE ATTPI TICN'RATES AND UPDATES
C TI-E STAlLS OF EACIH UNIT w)TH SESPECT TC SICRE MOVEMENT
C ANC IMPLEM~ENTS TH:S !NFOP ATICK INTO THE ATTR:TION LCSS RATE
C CC?#PUTAT ICN.
C **-* STATE 'VARIAELE CEFINITICNS ****w
C CAMt CILRRENT ATTRITICN LOSZ RATE FCA DEF. FORCE I DUE TC
C tTFFS(AMFHIEIOuS IASK FOrC-E FIRE SUPPORT)/TLF EFFECTS
C ILMl - WHEN E LAL IC 19 INDICATES THE DEFENS.VE BREAKPOINT
C 1-AS BEEN REACHED
C SAM! CLRREN7 ATTRITION LCS.S RATE FCF WAVE I DUE 'TO ATGM FIRE
C TAM) CLRRENT AITRITION LCSS% RATE FCF fhAVE I DUE TC TANK FIRE
C
C

CCIIMCN /AMwPH/L(5I,WBI(2IA(2),8(2l,I7E.ISE.R0,WVINT(5),wID
*TE5 IDIN1IlL2) #GA INL, ~I ST.AT 15)
CCOMOCN /CEF/TENGPASENG-MX ,SENGPINTARTM,SARTM,TVEL,

*SvEL DEFIPTS(2)
1NE= EN(Zi,SENG(2)

CII'ENSICh 7RNGI2),TWTS (2) SRNC(2) tOSLRVC2) tSWTS(2),
*CSLRV (5) 9TA( 5) *St (5 ,vCA(2 IiASX(20)

C
c

C
C

CC 10 12105
7AC IlSC.
SAC I )C.

ic CC**N* VARIIBLE CEFIN1IINS ~u*
01D1 - THAT PCRTICN CF THE OT UNIT ASSIGNED TO E=iGAGING THE CLOSER

C OF TWO MljLTIPLE hAVES IN THE TANK ENGAGEMAENT wilNOCl

C D12 - THAT PCRlICh CF THE 0T LNIT ASSIGNED TD ENGAGING THE FARTHER
OF TWO MLLTIPLE WAVES IN THE TANK ENGAGEM4ENT WINDOW

C OSI - THAT PGRTION OF THE DS LNIT AS SIGNED TOC ENGAGING- THE CLOSEF
C OF TWO MLLTIPLiE WAVES IN THE ATGM ENGAGEM4ENT nINDOW
C
C CS2 - THAT PORTION OF THE DS LNIT ASSIGNED TO ENGAGING THE FARTER
C OF TWO MULTIPLE WAVES IN THE ATGM ENGAGEMENT iINDOW

C coo

C72-0.
FACu1.O
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C
C **CETER?41NE IF PART CF LANDING FCRCE ADVANCE TO ATTACK INLAND
C KEYE TERRAIN

C IFIGATK*EC.1.OI GC TC 15
IF(GA'LF.EC.1.C.INC.(CSLRVUJ.OSJRVC1h,LE.GAINL*(DINIT~lI

*+CINIT2JH GAIM=I
IF(G-ALF.EC..O.ANC.(DSURV(1I.OSURV(211.LE.GAINL*(OIN!T(ll

**CINITf(2) GAIK=1.O
C
C C EIEPMINE IF DEF. BREAKPOINT H-AS BEEN REACHED

c15 IFI(DSUR'iD$2f.LT.O3*(0INIT(1p+DINIT(21)) GC TO 20

E *** CETERINE AlTRITICh RATE CN DEFENSIVE FCRCES 3Y ATFFS
C EASED UPCN AREA CFk AIMED FIRE STATUS
C fr'VANG = FIPINb; RAI'GE IC AN ASSAULT WAVE
C

IF41 IT EC.Cl OAf ia=A(11*D!URVl1)
IF( ISE.EQ.01 CA(2)=A(21*DSLRV(Z)

GC 7C 40
20 CSLRV(1I)C.

CSLRV( 2 I c.

CA (21=0.
IF(GATK.EC.1.) GC TO 35

GAT= T

C *** DETERMINE T9 CEF.EREAKPCINT HAS BEEN REACHED BEFORE SUFFICIENT
C LANDING rCPCE= IS BLILT UP ON 71HE SHORE FCR INLAMC ATTACK
C

25 CC 30 121,5
WVRNG:RNG (GkT-T0Whl( 1-I))

lf(WVT-LT. I I LI )4SUR

30 CCNTINUE TFL.CuVI
G9I=GAT41fl.
lF(TLF.LJ.3.0.;NC IL( "I Ec :1) RETURN

IF(TLF.LT.9.0.;NO.1L 51NE.1) GO TC 25
GA1K=2.
GA IF=l.
G&li"=GAT
WRIIE(6,elC) C-ATP

610 FCR'4ATl/flXs'LAN0 CINBAT INITIATED TIME=',F?.l,' SECONDS')
35 ILMl=gq

wP:7E6,t2C)PT
620 FCF'AAT( X,18PEAKPOP.T REACHED AT TIME = ,F7.1,1 SECCNDS'I

RETURN
C
C *** SLERC'UTINE JTGTS CETERMINES TH-E FIRING STATUS FCR THE
C TIAC DEFEI'SIVE LNITS.
C

40 CALL DTG-TS(T ,TENCTRNGTWTSSENGSRN4GSWTSCSURkVI
C
C ***STATE VARIABLE DEcINITIONS it*P*
C TENG(1I THE WAVE NUMeER OF TH-E CLOSER CC TWO
C IAvES IN TlwE TAtK ENGAGEMENT WINCOW

TRNqlfl ! HE FIRING RAPNGE T , AVZ TENG (U
TIS I HE FFCrCPT!CN C F rH TQT AL 0T STRENGTH

C TO BE ALLCCAIEO TO ENGAGING 7=NGUI)
C TEKG(2) -THE WAVE NUMBER OF Tf-E FARTHER OF TAO
C WRAVES IN T1HE TAtK ENCAGEMENT WINDOCW
C TRNG(2) SIMILAO INrEFPRETATICN AS TFNG(l)
C TTS(2) - SIMILAR INTERtPRETATrCN AS TWTS(1I
C SENGII) - THE iAVE KLM8ER CF 71hE CLOSER CF TWO

wAVES IN TH-E ATCM ENGAGEmENT WIJ4OW
SPKGC1) - FIRING RANCE To WAVE SENG( 1)
SWISCI.) - THE FACPCFTICN CF TH-E TCOTAL CS STRENGTH

C TO BE ALLOCATED TO ENGAGING SENG(ll
C SEKG(2) - THE IPAVE NUMBER CF TH-E FARTH-ER OF TWO

05
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C WAVES IN THE ATC-M EK'AGE-IENT 4.IN00W
C SPRGC(21 - SIMILAF INTERPRETA71CN AS SRN(1)

S S67S(2) - SIM'ILAA INTERPRETATICN AS SWTSiAI

W' EERMINE THE CUIOULATIVE I UMBER OF SLRVlVIN'G LVAOS
C 7)17 HAVE REAC EC THE BEACH - TLF

CC 45 jaI,5
IF( lL(J).EQ.i 7LF-TLF4CSUFV(J3

45 CCATINuE

S**CETERMINE If TLF B-UILT UIP IS SLFLCEAT FOR LAND CCI4BAT

IF(TLF.GE.9. I GALF=1.
IF(GA7K.EQ.1.) 7LF=TLF-9.

C
C **ALLCCATE THE FCACE STRENG1H CF TLF BETiEEN THE TWO
C CIFEN:SIVE FORCE t.N~ITS
C

CSLM=DSUFV(I ?.CSLR%1(21
TLF1=(DSLPV( I ) /LSoO) PTLF
TLFZ-(054.RV(2) /DSLM)*TLF

S**ACE TO CAI ANC C,1 TI-E ATRIT ICN LOSS VATE DUE
C TC THE EFFECTS OF TLF1 ANC TLF2
c

OA(lUDA(113TLF1*ke(!)

IF(OSURV(IJ.LE.C.0) [CMI)zO.
IF(OSLRV( 2).L2.C.'C) *()=.

ICA

MUL I
ISCRT zC
CAL L~thC(IXtASX,NvPJLISCRTl

C
C **CE7ERMINE IF TI-ERE EXISTS AN !NCOV4ING WAVE IN 7HE
C TAI K ENGAGEM4ENT -INCCw (I.E. 7EN (I).lNE.a)

IF(TENG(l).EC.C.) GO TO LCO

C **CE7ERMINE THE T1'E SINCE %-AVE TENG(1 3 CROSSED THE
C 5CCC. MElER OFFSi-CRE MARK -TI
C

1lsT-Teip* (TENG (1 )Ii I
Cl I=TWTS ( ll*SLPY It
FAC=I.

C
C **CE7EPMtINE THE SUFPQESSIC'N EFF=C, TO EE IMPOSED
C CN THE Cl UNIT EASEFC CIN TI E ATTR:TION LOSS RATE
C CLRRENTLY I'Il EFFECT
C !UPFAC = ATFFS SUFRESS!CN FAC7CR
C

SLFFAC=OA( Il
CALL RATEC(TRNG (I SPC(TI )3.1 SUFFACOTIROF3

C ** OTIROF - RAIE CF FIRE LTlLIZE dY DTI AG&INST WAVE TENG~lI
CALL P MRN o o r 1 ,:JFCDI4

C ** OTI.PH - HIT F%SA6I LIT, Z) r CCNOS F7RcC BY OTI
E AGAINST WAVE Tc.NG(ll

C *wDETER:4INE THE AllITIOCN LESS PATE FOR WIAVE TENG11
C CLE TO C71 FIRES
C

lA(TENG(I13 IOTIPH*DTIPCF*CTI
IF ILS 1\90EQ Q CC TC5PI S(ICA).C .74( EN(3.33 GC TC 50

IAITENCI:33 - 1.0
CO TC 55

!o TA(TENG~l)) z C.0
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C **CE IERM IN E IF TI-EPE IS A S ECOIAC I NICOMI NG w.AVE 7 >j.7
~ SIN 71-E TAtK ENCAGX.UENI WZINCCov iF TH-E IS THE

ATITRITIC% FATE CC-PuTAT!0rS ARE 41ILARI F2;
C TC THOSE FPE'VICUSLv ;ERFCFMEE FCR THE CLCSER o4AVE
C

IF(7ENG(2).EC.C) CC TO lOC
T2= T-l12k*TENG (2) -1
0T2zThTS 2)*0S.;Vi!)
CALL FATE (TrN6(Z3.IP(T:,5-,2AC,Z:TZRGF)
CALL FtI(FG2
TA(T E C(2 ) =CT2 Fm'-T2R CC CT Z
IF(LSI K.;Z(.03 GC TC ot

IFfASX(ICAJ.GT.T.1(TlZNGlI-))) GO TC F-0
TA(TENC12)) 1.3
CC TO 45

60 TW~ENG(2)) = 0.0
k-5 ICA - IC; + I

C
C *** CETERINE IF TI 'ERE EXISTS AN INCCMI'IG WAVE IN 764S T
C EKGAGEME T WINCC -, Ic THE;E IS, JE;"!IE 7H; 4 'TON
c EFFECTS AGAINST Th-AT nAVE DUE TO ATri,~ THE A-, !1 N'

C RATE CCMFUTATICN ARE SlqlLAR lh F-R4 TC THOSE ;:R THE
C EFFECTS CLE IhE TANK FIRE.
C

ICO IF(SENG(I.EC.C) CC To 2OC

DS1=S .TS(1) *oSLRV(2I
SUPrAC=CA( 21
CALL FATE(SRNC(12,SPC( 112,5UP9:AC,0SlRrr)
CALL FI-IT(SFNG(1) f4H , T(Tl1 ,2,SJF.C, OSIPH)
SA(SEKG(iu1=DSlPH-OS1RCFp.0S1
IF(LSItK.EC.vl CC TC 75

IF(A!X(iCA?.';.SAS.N&(I))) GO TC 70
!A (SENC( 1) 1. C
CC TC 75

7c SAISENG(U 11 C.0
75 ICA =ICA + I

IF(SEMG(2).tEC.C) GC TC 20C

DS2=S ,TS(Z)cF,(J
CALL A.TE ( S.NG (2l )SP0C( !2) ,lSUPFA C 15RJF)
CALL FfI(RGZ -)2.JFCo-ZH
SA(SEf C.2llCZFIQCa
lF(LSINK.EC. ) GO TL 35

IF(ASX(ICA).C-T.SA(SENG(2)fl GO TC 80
!AISEING12)) --1.0
CO TC 85

80 SA(SENG(2)) 0.0
E5 ICA ICA +I
2CC PEIUPN
CK

C
C

SIBROUTINE DTGTS(TTENvGTFNG,TWTSSENG,SRN4GSWTS,CSUrVI
C
C **CIVEN Tf-E CURRENT TPlA~ 4,14 LVA WAVE SLRVIVZR P(2PLLA7TCNS,
C SLERCUTINE DTGTS CETIRM:NES Th-E wAvE MAdESS THI' -R

S TC BE E:CAGED eY CEFENSIVE TANK AND ATGNH ~JPN1- BASEC'
Ch% THE EI GE'ENT hl.%CCA CRITERIA

C
COMM4ON /AN4PH/IL(5 Iw8(21 4(2) .8(2) .1 EPIS=E,RO,WVINT(5) ,WID,

*Te ,CINlT(2lI,C-AINL,!.ST,.T I5)
C0MCIJ /CEF/TEhGM;,SECMX SN-rroTAK rU,SARTM*TVELr
*SVELOEFWTS( 2)
IIN1EER lFNG(2)vEfG(2)
CIVENSION TPNG( 2) ,SANG( 21,TWTS(2),SWTS(21,CSURV(5),CEOC(5I
DO 10 1=1,2

IENG( I la
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TwTS( 1 )-0.
TRNG( 1=-0.
SRNG ( I =z0.
cENG ( I I=0
NWTS( 1 )-3.

10 CCATINUE
J140

SSLM=0.
CC 100 1=195

wVRNG=FNG(7-TE .*( I-l))
IF(WVFNG. 17.7!.) 1L(I)*1

IF (i,'RKG.LT.75.~ ) wSTAT(I )=I

S**IF TI-E FIRING RANGE TO A AVE IS LESS THAN 75 4ETEPS,
C TPE wAVE IS CCNS:CERED TC HAVE REACHEC A COVERED ANC
C CCtsCEALEC POSITICN ON TH-E 3EACI-
C

*(kVRNG.L1.75.I.CR.(Jt.Gc 2)1 CCO 7 SC
JT=JT.1
TENG( J1)zI
TTI.S(=.41F.PvS(JT1*CSURvI)
1SLf'=TSUMd+TwTS(JTI
*PNGI1 ~j. bo NC

50 IF((Nof-C-.C.SE.3%).CR.(CSUPV(I ).LT.0.Q5j.CR.
*(%VRNG.LI.SENCPNI.CP.(.J3.(E.2 I GO TO 100

SENG(JSI=1
SRNG C 4) ='VR N4C.
S6TS(iSt=DErv.TS(JS)*CSUQY(II
SSU4=SSUM+SWTS(JS)

10C CCNTINUE
C
C *** CEIEPMINE WAVE STATUS
C

CC 20 1=1.2
CC 25 Jul 5

IF( lhSTAT~jJ.NEc.I.A D.SENG(I1. EC.Ji IWSTAT (J)=2
25 COIT INUE
2C CCt'7l'UE

CC 30 I=1,2
CC 3! 4=1,5

IP(IWSTAI(J).SC.1) CC TC 3_5

35 CONTIN~UE
30 CCNT[NUE

C
IF(TENG(1l.=Q.C) GC 70 500

cO 2CCc -:,
TIR1 ( ) . TWS(I)/TSUM

;00 CONTINLE
!00 IF(SENG(1).=_Q.C) RETURN

00 6CC 1=1,2
S.15(fl)=!S7(II/SSUM

600 CONTINVUE
REILRN
EKC

C
SLeRC)UTINE DATAIN

C **SLERCUTINE DATA!N RE40S ALL. USER SUPPLIEC INFCRMATICN
C RECUIREC EY THE SHIP-TO-SI-ORE PHASE OP THE MODEL
C

,CFMDON /AMPH/IL(5) ,W8()(23 tC) ,(21ITE,IS~.RDtdVIN4TCS),WID,TE #ISOIAIItIGAXNkLvIASTAT(5 )
CClIM01 /ENC-R/ SPClAXSPC.1N HTAXtr4T MNTTSTAATB,TFF
CCPM('N /CiSPERiTEiGV(6,21IT ,IGH(6 ,21 9TYEANH(69 2 1,

*SSIGV(7921.SSICH(79Z)
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CCI'MCN /CEFfTENG11XsSENG4X ,SENCONg TAR TMoSARTM,TVEL,
*S EL9DEF&'M21
CCI'MON / PF/APWsET
CCI-OC14 o1CUWTU; 91R4T
READ(5 I CC1 EPPU.T
RFIC(5,51CI SFC~A AX,SPM IN iT A t,,1TMIN tivIO
PiEAD(S 51C.I T S
RiAO(5*5;C1 T.E!NGP ,SJGM~ ,SENG)IN
AEAD(5,5~ TAIT-', S..TM,T EL ,SVEL

PEifCI3.siC) I Im-4( I ,.1 ,I1 1, J i 2)
REAC(5,51cj ((S~-Z I I * 1 ~1, 11

PEAD(5,54C) (C.dll ( )I 1!2 1-

REACt 5, =C# CAINI
RfAC(5,E57C) GANMA,CELTA

5CC FCPI*A7U 1c ,1i1

!20 FCFMAT i jA,-:.11~S. ,1 itE.1)
53C FCPF'AT( 7),7F 1Q.31
540 FCFMAT(3-AvFd.j 4(va.
550 F C 9uAT 2 !A,5 F IC.

56C C FMAT(4 t AF I.Fq. S 1
!70 FC FfA 7X F 7. Z II AIF7.l 1

I E tRN
ENC

C
C
c S(JEQCUTIAE OUTPUT
C **SLU2RCUT1J E JLTFLT PACVIDES AN INPUT SUkIMARY PRINITOUT e.SED UPO'l
C THE DATA REC=IVEO BYr 4LzCUTI,%E DATA I.'. A PRINTCL;T CF DISPE'kSICN

C CA7A GEKE 4rEC AE A PESULI OF CATA SUPPLIED 15 ALSC PPCVIDE6

*TeW.DIP4IT(Z1,CctIL, 9 ,SiT (51
CCv~CN /CPR'SI- 9,)TSICH(6,21 -MEANH(692I
*ssIC.V(7,flssICH(7,21

CCIIMC:l /E!'Gk/ EPCMAXj 1 :NHT'AXt-4Tv!N*TTS,TAA,T8,TFF
CCO401N /[EF/TENG,,.S&>.'X SEC-pN,TARTM,SARTM',TVEL*

*S E(L,oEF TS( 2)
C~cpfv~N / !UPEFT jGtAPPA ,tELT A

C
c **4* INPUT SUMt4APY PRINTCUT M*
C

iR TE( 6,! IC?
1%PITE((bqe12)

imRITE( 6 qt!1 fvI~I15
hPITE(6 I El) SF( XSCd C,'MAT I l7 1 .219

kRITE( e.t2C
IFITE(tvi6UTNMAT4TE
hFITE(6,6Z2I1 SFDFAXvSPCMINSATM, SvELI~W
1%RITEI6,!qdlE hS1,E)TI
kFITE(6 ,dl91
WFITE( 6 I f2i) EGXTR ,VL

IORIT El 6627) 0(ET(21DFWS2
1%FITE( 6, £24
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WRIIE(ot,4211 GAINL
WRITE(o~,.f3Zi GAMM49v'ELIA

c
C *a*** 01!PEStSICN CATA FP!NTOLT **
c

I1 ( 10ISF EQ . Ci RETURN
WRIT E (tIto33 1
th1 TE (b .6 34

CO2 55 1=1,(;
W917E(6,635) ISGttU,TS!Gv( 1,2 DTSLGH( 1,11 ,TSIGH(1I,2)

55 CONTINUE
k6PZTE(!td26
'o 56 ! =2 '

wR ITE 16,6 37 ~S IGV(1, 1 SS IGV( I, 2 SS IGH ( I, I SS IGH (I ,Z2
56 C01,T I NU E

WRITE( bot6E)

C
610 FOFMATI ' I' 1X,'** INITIAL SHI P-TC-SHCRE PHASE 1NFCRMATICN * 1'
612 FCFMAT (/6)1.' INITIAL F014CE S7RENGTHI
t13 FOcMArT(1),'WAVE# %:W,'J.'5A9'',5X,'3 Is5X ' 4 1,5X9 '5')

Ell FCFMAT /I ,I EF. TANK ASSETS =',lx,rF'.,l, EX
* DEF. AICM ASS=TS ',.F.I

t1i5 FORMAT( /1I ,'LVA ENGR SPECS-')

E17 rSFMAT( e:,F5.2,3 ,FI.2 3x ~523,422,42
o_18 FORMAT (/ I x,' IE FE z1,E TAC I C A L ZAPAM ETE2;S'S

tZ3 F PMTt/vX CF SY -A(rTICL ALLCCATY0N WEIGHTS:',v

62 C4T( L, ' E S .4v FC R cE ~i, I:C h COE Ff 1C1 ENT S'
62;4 F CmAT 9 ,:A LP IA. I'.OX,9 'EE:T4'A'

f 2? FOFMAT(1 X, 'DS' ,c F.Ix ,F7. 51
tiS rO;MAT(, A !IEL F!P IRZTTc ITl~ 1 DRATE C('E rFIC IEJT S FCR'

'I * EF;NSI E -f4.1K -. NC A'-M .SSETS'

E-30 I 4 ATi/1AP' REPKPCIN'T AS5.JAP7C%: &.24(TiCT4L DEF FrrC)')
t 31 1 C;MA- I Iv , .EF ENCiR APT --17ZN *.S'JEL t LL'41NG cCR L 1,C CJMeA Tt

JI, F 5 . 2 '1-TZT L C =F EN J P FC;C;: I
6 32 FO fAT iIX,1 i SU P ACT '=- 1, ZX, 'ERROR SUP FACTOR=4 F5.1j
63a3 ( CKMA T / hA ,, D I!-E R!I CP JA 'A I/?

w x 'PA N9GE '.2 I, ' ; Al~ KM-' I
035 FO; , AT(I 1XF7.1,XF~4,T~*xF.,XF. X~.
636 F C F'AT /X C E,ZX, SS IGV,X , P 4GE,2X, S S I CH

038 F OPM AT (/ tI' j E1% STATiUS CF % AV E I V ARI At)L tE DFI 71NIC1S' ,/ I,
C' - N 0 E J G AC ING ' t/, 9 - L4NOE 0' , /' - UN DE R IQE 5Y A TGM'/
-- UNCER FIQE E'1 1AK' ,/1 - - utIDEi FIRE 3Y PCTH ITC-m & £ K

63q FC PAT('',I *, THE SH IF-TO-SHORE Pf-ASE BEGINS ~ii
AE1L9N
ENC

C
SLOROUTINE PHIJ(PAGE,)-I rN ,SU FACvPR H I

C *** VEN Tt-E RANGE# WIDIH 4NEtHEjGHT QF: A TARGET, AS WELL AS, THE
1FvE OF *JAPCN EEING USECt SUEFOUTINE PHIT COMPUTES THE

PR CtiAaILI Yr CF A HIT

CCtPOrN /AMH/IL(5 oWe(2j1(2 ),H23,It 1c,ISE,RD,WV INT( 51WIG*
*7e1%v31NI1(2)vAIrLvIWSTA (5)

CCfiMCN /CISPER/TSICVtb,2iTS1CH(6,ZITMEANH(6,2),

CPPON /!PEFT/,aI4FA,3ELTf

C ***1IFN COCE: 7ANK - I A IG? s2
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I** APII8LE C EFIN I T !CN S
ISIGH - IfiE STC*C*Ev*k9R INY TE HOR ZMflTAL FOR TANJK

S T$ICV - Th-E STC CEV RQOR IN TPE VERTICAL FOR TANK
TPEANH - THE EIAS cfzR-Q IN THE HORIZCNTAL PCR TANK

S T#0ENV - -THE= 21.5 C Q ' 114 THE vERTICAL FC;, TANK
SSIGV/SSIC*H - SI,10ILAk INTERPRETAT.4S FORP THE ATO

P!I*ARCOS (-1. Cl
IF(RANCE=.LT.295.) STCP

Ir-(dFN.6C.1) CO0 TO 50
C * AICM FI;I,%G DAIA CC.'AP TT ICNS

ioP'ANH=Q .0
WMEANV=C .0
CALL INTFP (SS1GV ,FA ,mSIGv, 7i
CALL INTFF(SSICV.R,.N .#S:GH473

C *9 *ANK FIRING 3-7A CC FUT -TIC.N-
50 WPEAtNV=C.C

CALL Li.TFP (T'OE~tr,-,tNE,qEAiH,6I
CALL I'41FP(T SICo, A,:E-S Gv .
CALL IPTIHRNSG~e

C *** CCN'dRSICN TC iL:
100 Zs-'RI1J(1HRAGE1

WS ICV~sS1I/( I ..CEL !-%UP rAC)

C *9* INSTITUJTE N r'ALITfV A 4 MrT10NS TO COMPUTE HCRIZONTAL
C AND VERIICAL HIT FPOE.ALITIES

C=-1.0*SQRT( I*/'; 3
HCF2=( I (-Tw1.uAG/.~~A-/SG
FHITX=1. C
1F(ABS(HCL3.1GT.f..J ',C 60

PHIT~C.*( Ez~ C'Hr I -E; FC(Cs-ilOR23 3
80 VEPI=(( 70fr/2.)-~EV..5S

PH ITY= I.C
IFJ%8(\ER1.LT..JCo:-C 70

PHITY=C.5 (ECCCII''lE:FC(C:"VER2)i
70 FFHT=PHITxxPhITY

RE ILR
ENC

C
C
C

SLFFOUTI E JT9P(X.-%PC-,AL,N)
C *9SLERCUTIT'E INT P 15 ! ;-riE(K £UEROUJTINE 7C INSJRE THAT RANGE f3F
C TtFGET ANE DISPERSIC-N Jr AFE CO0 ATAELE FOR PRC6AeILITY CF
C HIlT COMUTTC 'f. SLOROjU11NE PHIT

C1?VENSIOIN X(N,23
C bkF1TE16,t00) ,'FG

IF(ARG.Lb.Mitl,3 GO TC 30
co 10 1=1 IN

IF(AQ~i.GT.X.U+I,11) GO TCI10
DIFF=X(I+i,I3-xT!.L3
DELTA= ARC-AC1! )
VAP.XCI,Z)(ELTAOIFFI'P(X(I+1,1^-X(I,233
RF1LRN

10 CCNTI UE
I F ARG. G 1.m N,1) GC TC 2C

VAL=X(N,2 3
FETUR r'

20 WPITE(6*f1C)
30 WFITE(62C)

C fCC F0PIAT(1)p'ARG***2,F10.3)
610 FOFMAT(I ERRPCR IN INTPP ARG.CGT.X(N,2 3')
f2C FCFMAT(' EAROP IN~ INTPP AFG.LT.Xtlt,1 ')



SL.PCUT I ME Rh(RASPE, I WN, SUP AC9 flr
C **GI EN TVE RANGE AKEC SPEED OF 4 A *t El ALr-t4G WIT'4 THIE TYPIE CF~
C %EkPCN BEING U'ZEE TC FIRE ivPCN THE TARGET AL, THE SUPPRESSICN

i:ACIOR, IHE FI~fA IS eEING SUBJECT--D TC, SutlFcJu,!E RATE COMPUJTES
THE RATE OF FIAE USEC AGAINST A PRT ICULAF TARGE-To

CCIP140N /CEF/TGlXSNGMX ,SEING?4NTARr','ISA4T',TVSLtSVEL
CC1'EN /SLPFT/A)0~0EL7f
ItCFO.0o
IF(RANGE LT.25.) RS7LRl\

IF(1I;.EQ.2) CC TC 10
1F(FAE.GT.TEAG)K RETURN

PETURN.
10 IF(RANCS*CT.SEC4( PZEIURN

IF (RANGE Ll. SEG,"' RETL.;N
SRTM=SA9TP*l0*AP0 LJFC
D1=SRlt4*RANCE/fSVEL~.+5PEEDl
RCF 4.0/Cl

RETURN
Et'

C I N 7THE FuNCTICNS HloSPD, IND PNG, "tHE ARGUMENT T
C IS 71IE TIME SIhCE 11-E 'othvE 6EYNG 40ORESSE-D
C CPCSSEO IHE 50CO PETER GFFSHCFE M4ARK~

C FLAbCTItCN SPOM 
2

CEP~MCN /ENGR/ SPCMAX,SPOP1AN7AXwiPOIN,TTSq7,AA,TB.?F
IF(T.GT.IAAI GC 7C SC

SFD=S CP'AX

50 IF(T GT 7EI GC rC ICC
SP0zSVCvIN. f(Tb-T/TTS 1(SFC'AA-SP -vlNl
RETUR

100 SFEt~sp0o'I
FQQ9 UN
ENC

FLAC7ZOA ?71 T)
CCH4MC4 /SNG)R/ SP~mXSPDM 1NIHTIOAXTN, T'~q'AA.Tr3,TpF
IF4T.GT.7AA? GE TC 50

RETURN
50 IF(T.GT.TE) GC TC 100

?4T-HTIO IN+t ( 1B-11 (rTSI* (JTOAX-HTMI Ns
RETURN'

Ice HlxHmlml

FUNCTION PNG(7)

CoV'NCN /ENQ-,/ SCAPYNITAXHM~TT*AtB'-
IF(T.GT.JA) 4 C TC 5C

RNGx5(00. C-I SFCPA)(T)
RETURN

50 IF(T.GT.72 Go To l00
PNGuRkC-C.5,Utl-lAAI*'(SPCMAX*+SPDITI I

100 FcO((BTt.)IOiP A)-(T-TI*SPMIN)
MFRNG.L1.15.) RNGs0.O

RETURN
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EAC
C
C

SLSROUT IN E GRCUN.O(G ATM TSLRV I PR INT TTS)
C ***-1hI IS 71- PRI~tRy SueOCLTINE CF 'THE LAND COMBAT PiPASE OF
C TWE AMPHIBIOUS CFEPATICN. INFC.RMA'lICN RSCUIq=: FC1 Ti-E ?lPEzZA'r3N
c CF THE LINC CC~'eAT PH-ASE IS QEAO IN ANO PRINT!3 IN A L54.t.4RY
C TABLE FCF USER PEV!EW. T~z INFCRMATICN PROVI'L'ED BY ALL 'TriER
C SCEROUTIINES USED lN N E Lbf D CCMBAT PHASE ARE IJSED IN THIt
C SLORCUTINE AS INFUT TO Ti-E ASIC LANC COMBAT ALGC--ITHYM
C

REAL*8 CSEEOl
p EIL T S LF~TTS tP15J
C0OMMON IGFPI/ IP9CIR(6W IEC %C(61,.'4VTOIR(16I,X(6I Y(61,SPD(61
COMMCON /C.RP2/ TA('IvT!(i ;rcIrz~Fcjrz2 2,TF3(ZI9*P(2.jPH(2,6, I2,,) rH(Z.c)TF(2)qT
COPMCN /CRP3/ N8,L tI(93)

*5 IZETW ,N71,l,F(6).5~0 !*A 9P
*hLESC(6 it I V ISFR(6,6 ) RMII TK,fXK9 RMTW,RXTW,flPTrCWFR*LVAFR,

COMMON ICRP'4/ TPCL(6)vCLDC696),Q(6r6)
COMMON iCAP5/ L07 (6 .6) :kC71o,c)
COMMON iHILL S/ XC (1001 YC (10C) -PEAK( 100) 9SX( 100!SY(11 , RCI-.0 10
COM4MCN /HiILL S/ SC4L E (100J TWCFI-C( IJO ), TWOCrLf100) FBA 5
COP-MON /H-ILLS/ N-ILLS
COMMON /CCVER/ CXC( 150 1C NC( 1 C),CPE AK(150),CPXX (1501,CPYYv(150
COSMCN /COVE F/ CPXYU5O).NCVELS
C014MCN /COL-N TR/ Kt--Kjj,?V Kh, OGRE KE IL AINT
COFMMCN /GRIO/ LST(10#10)t HL11C,1 I , L STIH(. O) KR--;( 10flKTREP
COMMOGN /CRID/ LSIC( 10 910 ) NC( 10,10) , LISTC(400),KCRitP( 150 1
COPMCN /CPPb / ALPF-11 E
COMMCrrN /CgP7/ A~?YUIq~E6

C** INITIAL12ATICN.
C *~VAP14BLE DEFINI'ICN! I,**
C BL INI7TLPL CErENSIVE CCFCE LEVEL
C RL -INITIAL ACGFiESSCP FCFCE LEVEL
C ZL -ZERO LEVEL

ELvO.O
PL=.0

PA 1:3. 1419S
ZL-.OCCC1

C
C*** READ TERFAIN DATi FC9 LINE OF EIGHT
C*** ClHECK FCF STOCH-ASTIC OR OE7 ER?'INISTIC AT7RITIQN
C ITS17-ATTRITICN MODE t=0ETERAI'JISTIC
C O=S7CCHASITIC

OSEEC-DC UBLF PRECISICN SEEL) Nu'AeE~k
PP IND CC ARE TI-E 6EIA ' ISTPIBUTI:l F lAMElT=AZS FrOq :EF ONITS

C PD AND GO ARE THE 9EIA O'STRI3UTICN PARAMET CS F-lP ATK( UNITS
C

FEOC(995CC) ITFIT ,ESEEC
READ(995C1) PPQC
CC 5 1=1,2

CALL C-GBTR (CSEED,PP,QgdvRI
ALPHA (1)=R (1)

5 CChT INU E
C

READ(9f~ooI ITRITcSEEC
PEI(9*501) PCC
00 6 1=4,6

CALL CGBTR f[SEEDP0tQO,1,P)
ALPHA II )zm(1)

t CONTINUE
(**REAC IN NUMBER CF ATTACK IND CEFENSE UNITS

C NEU - NUPEER CF DEFE SIVE UNITS
C NRU - NLMeEF CF AGGRESSCF UNITS
C
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REAO(9,C2) NBLoNAU

C*** INITIALIZE wEAPCth 'IZES
C SIZEIK - SIZE Cc LVA WEAFCN SYSTEM
C SIZE~w - SIZE CF 70ik WEAFON SYSTEP
c

41ZETK=2.5
SI ZET W-2. S

C
C*** REPO IN EFFECTIVE IEAPCN FANGFS
C*O$ RPOINrK AMC vRMXTI ARE MAX tND 04IN RANGES OF LVA MCUNTED WEAPON
C*S* RPINTW ANC A.MX7W FCR 14AX AND MIN RANGES CF TOW DEFENSIVE WEAPON

REAC99!C21 R?0IhTKvRMXTK,F'41N~ioRMXTk%

COO* INITIALIZE PM., qCh.FRL~dFR AND NOD
F11 - PCPOPTICN CF TIME A YCVI.NG UJNIT !S SEARCHING Jr~c TARGETS
O- CE7ECTICN rATE REOLCTIC'N FACTOR FOR A FIRING UNIT

(IN qCMPAPISCN TO 9 NCNFIPING UNIT)
-1 Pi F R FIRING FATE CEFiNOING TOW ; ,PON SYSTEM
LVAF R - FIRING RATE ATTtCKING LVA WEAPON SYSTEM
hOD - INU40ER OF TIME INTERVALS UNIT I DELAYED IN MOVEMENT

C (TCO FAR IN FACNT OF CTI-ER IJKITS)
C

PM' .352
PF '.5
TfowFP-.C3

00 10 Ix'NRU
NO! (I1 )-125

10 CONTINUE
KxN4RU+l
L*14RL+NEL
00 15 I-1,L

15 CONTINUE
C
C*** READ IN fCRCE LEVELS CF EACH AGGRESSOR UNJIT
C

ISURV= INT(TSURV/1YRUI
CC 20 1=lNRU

FtC I ?xFLOAT(XSUFV)
20 CCNTINUE

C
C*** CI-ECK FOR 7TYPE CF RCUIE DElERKINITION

FEAD9,5041 IPTEISPC
C ***** VAR IA13LE CEFINITIOCN! *

IRTE - CENCTES WIETI-ER USER 4NTS TO INPUT ROUTES OR NOT.
0 - FROGRAP CETEPR4INED qCUTES

,-SRDETERMINED ROUTES
ISPO - iNFUl' VA IAELE TC DENOTE LSERIS CESIRED SPEED FCR

C 1 - 9 MPH
C 2 - 1 MPH
C 3 -15 MPI-
C 4 - 18 MPH
C AGGRESSOR FORCE MOVEMENTS
C AVSC - AVERAGE SPEEI CF AGESSCR FORCE .MCVEMENTS
C DST - DISTANCE IN METERS TO BE PCVEO EACH TIME STEP BY
c AN ACCRESSCR LNI
C

IF(ISPD.EQ.1) AVSPCi.D
fFIP.EC.1l CST='.O.232IF(ISPO.EiG.21)AS~l

IFIISPO.EC.2) CSSp5-.c43
IF(ISPD.EC.3) AVSFzi5.0
IF(ISPO .E.31 CSTaf-7. 053
IF(ISFD.E~ .4) AVSP=13.0
IF(ISPD.EQ.4) CST280.463

C
C*O* REID IN INI1TIAL ACC*PESSCR LNIT'S LOCATICNS
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C
CO 25 1u1,NRU

PEAC(, 506) XIC(It1),YVIC(li,)
2! CON~TINUE

IMPITE.EO.iI GO YC 250
DO 30 1.1 .NFU

30 CONTINUE
GO TO 255

250 CALL ROUTE
25! SLPPC=O.C

C **** STA~TE VARIABLE CEFINI11CNS
C FLUI) - FCFCE LEVEL CF UNIT I
C SUMRC - TOTAL tC-CFPESSCP FERCE LEVEL
C DVTOIR(Il - iNCVEfJENT D! 0 ECTIC' CF JNI'f I
C IVIRII.J) - DIRECTICN CF THE .JTH INTERVAL IN THE ITH ROUTE
C IUSTAT(I1 - CURRENT STATU UP UNII
C 0 - UNIT ALIV( ANC NOT FIRING
C I - UNIT ALIVE A'JC FIRING
C 2 - UNIT OES.TPCYEC
C 3 - UNIT MCVIQG
C NF(I) - NUM'BER CF 71-ME INTERVALS UNIT I IS ALLOWED TC FIRE
C AT SAME LOCA71EN
C 11(l) - INTERVAL INDEX F0F UNIT I
c

DC 35 = R

SUCSCRC+Fo (I

Y(I)2'vIC( 1,1)
MVTDIR(IlzICIF.(I,12
SPDg I )rAVSP
IUST Al(I) =0
IPRDIP(11=ICIR(l,l)
ISECWiD 1) -1i~O
NF (II =
11(1 )1

35 CCNTINUE
C
C*** READ IN CEFENSI'%E LNITIS LCCATICNS4
C 4jl** S7ATE VARIABLE CEFINITI CNS %*~*
C IPRCIF(II - PPIINCIPLE: CIRECTTiN OF FIRE FOR UNIT I
C ISE0CE(Il - 6107H OF SEARCF - ECTOF FCR UNIT I
C SUMSC - TCTAL DEFENSIVE FCACE LEVEL
C

SLYBC=0.0
CC 40 tt,

FOC I IZL( I
SUMBCaSUMeC+F0 (I
MVTDIP (1)=C
SPO( 12=0.3
IUSTAI(II :0
IMOVE LI)mC

C 0 CCNTINUE

C*~Cl-ECK FOR ALTERhATE DEFENSIVE POSITIONS AND READ IN IF WANTED
C **.tSTATE VtIAEL~ DEF INITIONS 4***'-

C IALT *-* INDICATES IF MLER(WAE CEFENSIVE POSITICNS DESIRED
0 - YES
I - N

C BREAK -CLCSES7 CISTANCE ALLOWED SETIEEN CPPCSING FORCES
C BEFORE SPEAICPOINT REACHED FOR PRCGRAM
C ITEM -NIMEER CF TIME INTERVALS ALLOwED FOR DEFENDER'S MOVS

TC THE ALTERNATE DEFENSIViE POSITICNS
TAWK TIME TO ACQUIRE A TGT FOR KTH vrsAPON SYSTEM TYPE (K - 192)
TIMK IMlE TO FIRE 1ST FOUND AFTER TGT ACQUIREO BY KTH wEAR SYS

C TI-(K) - TME TO FIPE A RCLND FCLLCWING A HIT FOR t(TH WEAR SYS
C TP(KI - 1ME TO FIRE A ROLNO FCLLOWING A MISS FOR KTH WEAP SYS
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S TFI(K5 - TIME OF FLICMT FCR KTI- WWA SYS PROJECTILC TO 1000 METERS
TF21K) - 71ME OF FLIGHT FCR Kl h wEAP SYS PQOJFCTrILB TC 2000 METIRS
T F3 (K) - 1IME OF FLIGHT FER KTH WEAP SYS PROJECTILE TO 3000O !4FTEPS

c
REDtO(9, SCES IALT,EPEAC,I TEA
IM(ALT.EC.il CC TC 260

00 45 Ix.L
REAC19,506) ?A(I 5YA( I

45 CCNTINUE
;6C CELT-1O.

TI (15=8.

TMII)=10.
1F1(1)ml.
IF2(11=1.

F31=1.
TAt 21=20.
7 I(2s=b.

IF(21= 12.
c IF 1(21=10.

C*** REAC IN 5-IT ANC KILL FPC3AfILITrES
c *4*1* S'ATE VARIABLE OEFINITI ONS -***
C P(I,JI - F908 1ST ACUNC H-IT eY UNIT I IN RAN4GE BAND J
C FI-H(I,Jl - PRCE ?2F HIT FCtLCWEC 3Y A HIT7
c Pl-M(1,J) - PRCB0 OF HIT POlLkEC BY A MISS
c PKHI(IJ) -P;Cf Of A KILL GIVEN A -41T
c Plt~t(Jl PRCPORIIGN 5LRVIVING FIRE r-C~cR AALLOCATEC TO
C IT- TAs.GET IF jTARGETS AR~E AVAILABLE
C NLCSC(1.jl - ALM2FF CF CCOITNUCUS TIM'E INTERVALS TI-AT A LINE OF
C SIGH*I(LCS, CES 14CT EXIST BETWEE-4 UNIT I AND UNIT J

C 0(!#J) - FPCEAEII&.TY U, T J NCT DETECTED BY UNIT I AT CURRENT T:ME
C VISFR( I j) - FPACTICN tP A EIC-HT OF TCT J VIS181LE TO FIR:R I
C IRAN - RtNGE
c

CC 55 1-1,2
CC 5C J=i fE

REoCc995091 Pt IJ)FHH( IJIPHNU,!J1,PKHII,J)
50 CC'4TINLE
55 CONTINUE

P17(1,11- 1.0
PIIt 1.25 C. i
F77 (2 ,2 ) =C.2
P1tl,35 xC.B
PIT (2.35 %C.1 I
FTT(3,3 ?'O.05
00 6G I =INL

00 6C J=K.,L
NLCSC( Ilm5o
NLCSC(J I;
Q( 11=1.0

I1 R,1.J)=C.O
VISFR IJ, I)C.O

6C CONTINUE

C*** PRIN~T INIITIAL BATILE INFORWAICK

WRITE (6 ,CCOI
COT~ 6 15

WRI TE(69603 5 I ,X( ISY (I) ,FL(I)
65 CONTINUE

IF(ITRIT.EQ.15 GC TO 265
IoRITE(A-96C4)
GO TC 270

265 %FITE(6,6051



27C IF(IRTE.EC.OI CC TC 275
%RITE4(6 6C6 I

275 kPJTE(694C7 AVSF
bRITE[6,ECEJ $BFEA
IF(IALT.EC.Ol CC TO 28C

wR T E ((660S
GO TO 2E5

280 WRJTE(6,00C
CC 70 Imt

InRITE(69611) I ,XA(I$,'rD( I
70 CCKTIIJUE

2E5 IRANs5OC
h R ITE( 69 1121
CO RITEM~613) IPANP(1, 1),Pti~i,1 :rI4(,I)PKH(l, I

IPAN= IFAN1+!00
75 CCNTINUE

IRAN-5CC0
WF TEt6 ,6I4)
00 80 I=196

WRITE Ie,6131 IPANP(2,IlFH'(2,I,.FM(2,IpPK4(2,I,
IRAN= 1R4N+5C6

sC CONTINUE
WRPITE(696151
imP TE (696171
WPJTE(b fie)

Cf** UPDATE LR~ATICiN OF Q=C tUNIIS.
C NF - umaBq CF TI-'E INT7ERVALS JN17 I DOES NOT FIRE
C NOD -NL.48EP ZF T:ME INTERV4.LS J1T I 0'ILAYEEZ IN PCVEMENT
C

DISMAX=5 CCC. 0
2S0 00 SO I =I R U

IF( JUSTAT ( I I. EQ. 21 GO 70 CC
IF(IUSTAT(I).E0.0l CC TC 295

NF( II zIF (I)+ 1
JF(hFflI.LT.NCO) CC TO 9.1)

NF (II .
295 DO 85 J =1, NAL

IF J .EC. IICO TO 85
IF E05A(J t. 2) GO To 55

DIST flXIl - x(j)
e5 COTINUE IF (C ST G~T. 3SMAX) 30 TO 90

11(j) = 11(1) 4 1

Y(Il=VIC( I i'7I

90 CENTINUE
C
C LINE-OF-SIGHT GI-ECK BETm~EN UNITS ANO TA'RC;ETS SELECTICN
C **** STATE VAQ6L E 5F IN4I!ONS Oka***
C NTIM - NUjMBER Ca 7AFGETS DETECTEn 3Y LINIT I
C X)19YY1 - COORCIP,1ES CF IUNIT I LCCA T IC4
C XX29YY2 - C-jCiPC!AtES CF L.-vlT J LCC.%TICN
C TMACI,TMACJ - ELE ATIrN Cf UNIT I ;NC to.IT J
C 0.0 - INC ICATES ,C UNITS LNDE9 GRCUNC

C SIZETK*!IZETW - SIZE CF 0~A 'JEt-CLE ANC SIZE 3F TOW VEHICLE
LATOB - INGICATOR VARIAeLE FCt CNE C';' TWO wAY LCS CALLS

0 - CC NOT CCNPUTF L3- i:Pr'MJ UNIT A TJ UNIT B
I - CCIAPUTE LCS FPC4 ulIT A TO UNIT B

(VIELCING VISFP61
C V ~ I FRA - FRACTION CF F'E!G T OF TGT AS SEEN BY UNIT A
C LEST(ItJ) - INDICATES IF ICS EXISTS 8E-,ooEN JNIT I AND UNIT J
C 0 - NO LrS EXISTS I - LuS EXISTS
C

CO 95 JzutL
NT( J)s'O

S5 CONTINUE
CO 105 11,#NRU

NT (11:0
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IF( LS7AT II). EC .2) CO 10 105
00 00 J aK(,L

IF( IUSTAT(jI. EQ. .OP.IUS TAT (J).EQ. 3) GO TO0I00

yy ja'y (I I
CALL ELEV(XX19YY1,TMACIO
XX2=X(J)
'fy - (
CALL ELEV(XZ 9YYZTMACJI
L..A 10emI

CALL LOS (XXI 9 N'Y 14AC 1,0OoS IZETKYXX29 YY2,hCJ vC.Cp
*5 1ZETLAOB, L8TOA, ISFRA V I SF98

VISFR (1 ,)=VI SFRA
VI FF (4.1 =V I FRE
IFIVISF ,A.G'.2L) GOTO 300

LOS1(Jfdi 0
NLOSC( I J i NLO5C( I Ji.&
NLOSC (J,?1 NLOSZC( I,J)
GO IC ICO

300 LOST(1,J11l

NLOSC ( I J)1 zO
t4LOSC (W I I =0
RAN GE =SORT ( (X (I X-CJ W . il 0 -YE I4)
IF(RANGE.LT.R1N,T.CR.RANGCE.CT.R'IX-K) GC TC 305

1F~gt~f.~Q..c)GO Tri 3Q5
IUSTAT(I )1
NT ( I I = N T( I11.1
M wNT(I )
LQlI ,M4)=J
Ft(T( 1,M )=RANGE~

IFU4.EQ.1) GZ TO 305
CtLL !CPr(TUMl

305 IF(PANGE.LT.RMINTW.OR.RANGE.G.R4X7WmI GO TC 00
!F((.J1l.C.1C)GJ IC 100

IUSTAT( J) =1
NY (4 3=Nlij ) 41
14=NT 041
LCI(JN 3=1
ROT(J MI)RANCE
IF(M.EC.11 GO TC 100

1CC CCNTII'UE CL DI~m
IC! CONTINLE

ED 110 11l,NFIU
!F(IUSATCI).EC.2) CC010 110

IF(NT(Il.NE.Cl GO TO 11C
IUSTATC 13=o
lNFf 1) x0

110 CONTINUE
Do 115 JCKPL

IF(1UV7,T(J) EC .0p RItSTA7(j).EQ.3 GC TO 1 5
IFtNT( J).EC.) 1UgSTAT(Jlm0

115 CCNTINUE

&*UPCATE CF TI-E ACCUMULATED CETECTION PROBABILITIES.

IAAOI
IEEsNRU
1CCVL
FF&T~wFF

CO 120 121,6
12C CGtNTINUE
30 DO 125 1 *IAA 125

IF(IUSTAT(I).Er..2.OR.ILSTA1(I).EQ.3) GO TO 135
00 130 JSICC.ICD

PROP=C. C
IF(IU;STAIJ.E..0R.IUSTAT(J).E.Q.31 GO TO 130

41



lF(LCS1(I9Jl*EQ.CI GO TO 350
lF(NT(Il.Gl.0I CC TO 315

PCTV1S*w1SFF(J, Il
CALL LA PDA (I .J Pf-TIVI Z,OERArt PsueK
JYV=EXP(-(OETRAT*4)P*OELT*rL(JJIF (N7(JI.GT.Ci GO TO0 310

?1c 0Ps(1.0-PSLEK?*(FF*DELT~tFL(J)I

21 N~sNTIII
OC I 2I 111N-

ANG1zATAZ(YfKlI-Y(I),X(Kl)-X(Il)

I F ( ING1*AK(2).GE.O.oI GO TO --30
IFRANGZ.LT.0.Ol CC TO 320

ANG=2*PAI 4ANG1-ANGZ
GO TO 325

320- ANG=2*PAI+AJG2-ANGl
325 IF(APG.C7.PAI) AllG=2*PAI-AMG

GO TO ?35
'230 ANG=ABS (ANG2-ANGI)
5-35 Av5.04PAI/180.0

IF(ANG.CGT.AAI GO TO '125
PRCP *PROP4PTTt I1,N5)

12! CC1NTINUE
I~tPRP.EQ..CJ GO TO 345
IF(NT(JJGT.QIGGTO 340

CALL LAPCA( I tJfFCTVIS,DETRkATvPSUOK)
0ETRAT=CETRA'*R F
QV=E)P(- (PROP'fOETRAT*JELT*FL(JJ Il
0(1 J ,4I=(I,~
GO TO 13C

?4c Q(Ioj)ao.C
GO TO 130

345 IF(IAA.EQ.1) GO IC 130

GC TO 130
350 IF(NLOSC(1 JJ.LE.31 CC TO 130

130 CONTINJUE
135 CCNTINUE

lF(IAA.EQ.Kl GC IC 355
FR=LVAF4
IAA=K
1B=L
ICCZ1
ID0~hFU

GO TO 307
C
C*** FIRE ALLOCATICN.

***O4t STATE VARIABL ,OEF INITION~ It*
AFCA(IJ) AVERAP.GE PROP FTICN OF TH# JTH AGGRESSOR OF UNIT

c ~ ALLOCATED TO FIRE CN UNITI

355 DO 140 I11L
140 NAM11C

00 155 1=1,L
IF( (STaT(1I.EQ.2.OF.IUSTAT(II.EQ.31 GO TO 155

1 (NT(I.E~o01 GO TO 155
DO 145 JzI. 3

APCA (I, .)sC.C
145 CONTINUE

IF(NT(II.E0.1 I C-0 TO 370
IF(NT(1 ).EQ. 2) GO TC 365

011011LOT( 1 .1
PM2sLOT( 1,2)
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t4H3*LOT( 1,3)
PFOEa(Q. C-IQtt M11 )'C( IM2 I Q( I, MM31

PROCE'0( I M;41 *( 1.0-OC i.M42) )Q0( ,M53)
APOA(rZ1-APCA( I,2.PTTNI.l JWFPCE

AFCA I 13,APCA(193)4PTT(1,1UsPRCB

AFOA(I', 1)=APC4( 1,jUPTT(1,Z) 'PFC8
AFO.41,2)=APCA(1,21+PTT(2,Z[U*PrC5
PRC3 z( . C-CC 1,, II) *Oil 4t2)111.J-Q(i M43)
APOA(I1)=APOA(Z,2A)+P-T(1,2)*PRJB
APOA (1 3 lAPCA( It3)+P4T(2.21-PFCE

AFOA 1,2 2APCA(IqZ)+.P7T(1.Z1)PQO
APOAQ 3I ) 2APCA( 1,31 +PTr(Z *,' JAFC

ARCAI (1)=APCA( 1,1 )+PTTI1,3 )*PRCB
APOA(!,2)-AP -AI ,2)+PTT(2 ,3)-PRCB
APOA I! ,3)APCAI 1,3)+PTT(3t3)uPQOB

360o DO 150 J= I,NCT-- KK=LOT(I,J)
NAC ICI1=NAIKK)+1
INaN0( KKI
LCA ( M, IN)= I
PCA( ?K, IN)=APOA (I#J )

150 CONTINUE
6O TO 115

f6! KC1=2
Pf 1 =LOT( I , 1)
MF2=LOT (I,21

APCA ( IvD1=lPOA( 1,1 )+;QT(L, 11*PROB

AFCA(II2)PCAUi,21+P7(,)*PRC3

AFCA(I U*tPC (XI+T. (1,21-PrC5
APCA(I 12= £POA( 1,2 )P TT(2,2) SPRCB
GC TC 360

.-7C NC'T=l
MP1=LOT( 1,1)
PRE1.3-C(IPm'1
APCA(I,1)=APCA(I,1J+PTT(1,1J*PROB
GO TO 26C

155 CCKT1INUE
C
(*** ATIFIT1C6 CC4PU7ATICN
C ***** STATE VARIAOLE DEFINITIONS .*
C RANGE - CURRENT MIN110UM D ISTANCE 8ET hEEt4 AGGRE SSCR AND DEFENDER
C FOA - PFCFCRTICN CF THE JTH ATTACKER CF UNIT I ALLOCATED TO
C FIFE ON LNI' I
C TFOL - TOTAL PERCENTAGE LOST SINCE START CF BATTLE FCQ UNIT I
C A'.O - AVERAGE C1STANCE

SL'PMR=0.0
SUM4B-O. C
CO 165 I:1,L

IF(IUST AT(Il.EQ.2.OR.lLSTAT(I).EQ.3) GO TO 165
t6=NA (1I)
SUMtc .C

ZF(fJ6.EC.O) GDO TO 3c5
Do 16C J.:1,6

M~xLOA (IJlIF(f'7.LT.e(I GC TC 275
111PE-2
GC TO 380

315 17VPE-l
340 RANGE=SOR"(( X(1I-N(M7PI*2+(Y(II-Y(M7l)1**ZI

IF(ITRIT.*EV.1 I GC TO 385
CALL CTCCHfITYFE9PANGEtAJI)
GO TO 23

285 CALL EIK(ITYPEtRANCGEtT)
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AJI=1 .O/T
19 u SUMzSUM#AJ1*FLI47)*POA(1 ,J)*DELT
16C CCNTINUE

255 OFL(1)=FL(I)
FL(I I=FL(I )-SUM
IiIFLtI).G7.ZLl GO 10 400

FL(I I C.0
IUST47( 11=2

4cC IZIU.LT.,(, GO TO 405
$LHFB=5LMB+FL( I)
*TPOL( 11 P(FO)-F LUI) /FO(I
C-0 TO 14b5

405 SLPR=SLMF+FL(II
,PCL(fl=(FOtI)-FL(I))/FClI)

1465 CONTIPI'E
C
C*** PRINT ANC CHECK FCR BATTLE TERMINATION.
C
C

OC 175 lxS,L
IFiISTAT(I .EC.2) GO 10 175

CCO 170 Jzl,N;U
IF( IU5T~l(Jl.E0.ZI GO TO 170

CMECK=X(11I-x(.jl

IF(AVO.L1.BREAK.OF-.CHECK.L7.50.1 GO TC 410
170 CCr'TINLE
115 CQNTINI,=

Go T~o 415
C
C*** CCMFLETE tGC*RES.5CA UNIT'S OVE
C

410 CC iF) K.(L
IFI'TE..RIlY(l. .T4 GO TC 440

tr*CUSATf.EC. ) !USTA T (I1=3
lP'QEf1)=zPcvstX )+;
IF(IMOVEII).L.1 IEM) CO TO 180

IF( IUSTAT( I). F0. 31 IUSTA7( 11=0
180 CCNI INUE
415 IITlIME=l7I~vE+IFI X(GATM)

IN U'PINT.EC.U) uC TO 4,30
WR ITE (6 ct 'Z) ITI 11E

co 185 1=1,I'qRU

IF(N6.N.E.O1 GO To 420
WRITE(6,6)25) 1,X(I),'(I,FL(I),IUSTAT(l3,TPCL(I
GO TC 1(5

* (LOT I, JlI,Js= 1 I
185 CENTINUE

b.PITE (6 6e27
WPITE(6 ,621il
Nt4N=NRU. I
00 ISC I=NNN.L

?Ne=N7( 1)
IF(N6.NE.C) GO To 42!
hRlTEla,629) It~i ),Y(II,FL(II ,IUSTAT(!hTPCL(I
GO TO ISO

'.25 hRPITE(6,6--OII,X(IbvY(IJFL(fl, IUSTATEI),TPOL( I,
*(LOT( IJ lJ= 1,N6?

190 CONT I1NUE
43C CONTINUE

C
(P** CHECK FCR EATTLE TERMINATICN.
C

TCT=O
C*** CMECK IF Jh AGGPESSOR FCRCE UNIT IS STILL ALIVE
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DO 1Q5 lalNAU
IF(FL4IlE.EC.C)L GO TO .5
lOTZ=

155 CCNIINLE
IF Or9~ GO TO '-5

C*** Na ADGGRESc(0R FCIrCE JN;T AL)IVE !C OEFEN)ER WINS
WRI T1 .6 21
CD TO 450

43! 1(1=0
C**,p CECK IF A EFENSI~iE FORCE uNI T :S STILL ALIVE

CC 200 IxK.L
IF(FLCU).Ei..Oi G.C TC 4200
IOT= 1

200 CCNTIN.UE
IF(IOT.i:C.lI GO TO -5

C*** NC CEFENiSIVE FC;CE LPYI' ALIVE SC &GGRESSOR WINS

GC T0 450
C*e* CIS'TA4 !CE EEEO FC:QC;S -ZO CLC E

44C WPI TE (t,o.:
GO TO45

44,5 IC-IC+l
GO .rc zqo

4!C CONTINUE
WV.ITE(6.6Z22) IITIME
WITE(6*4231
CO 205 121, iRu

IFINE.E. Z) GO 7' -t
W;17E(b,t25) I ,X( I I.'C( 1 , L(I) ,IUSTATo(1) ,TPOL( I)
GO K 205

2C5 CCNTINLE
iFITE(6 ,6271

NNlv=NRU+ I
CC 210 3;NNN4,L

Nt=N1 C I
1F(NE.NE. ) GC 'Z ,-

WRITE( 962SC Ii.I 1 I.FL(!j ,IUSTAT~l),TPOL( I)
GO Z1C l

460 ,RITE(.3 ,LI dI)L2,USTII 7 P( ,

210 CCNTI'iUE
500 F T1 ,21X~..2
502 F09M4T I F~I , z~ z , 2

!C4. FOFA'T(1 *IC. .:
506 FOAT 1X FjZ X~

508 FORMAT f1 x,: Izy,~~ I , 1 1 1
2 05c FOFM AT z) 95. ,x , F5.2,;x , ,5 ! .2)
600 F ORMA I A I N ' - LIN ;.L A N CCC O'RT I NF CRMAT C% 9*'

-*////t LCCA_ PN-
601 FOPMAT( ' * IT ' 7X, X1 ,'r, I Y',' Xo'FCRCE LEVEL)
f03 FORMAT( 1(,:3 -! )f 7 1X 1. , r-.5. 1
604 FORMAT (/ IX. TTP TCN !-' !'(ZS CI/
tC5 FOPPOAT( / 1A. AT 7F !T [CrN IS -:-7E r 1IST IC I/ I
E06 FPA 4 -.(1) 0 Lc -ZE'I=P o E) Y zR
607 FCO6MAT(X,-AzT.C< VS9ICLE 4S?EzC IS :,F4.1,1 M.P.H.',/1
608 FGmTjb.4FI- oJs;.:, IS ',o. rI~S'/
6-05 PCPMAT(1),'3EFNCEP WAILL T OT NOVE T 1 ALTEFZNAT7 PCSlTICS'/)
4610 rOP4A7 (.) DEFEICER hmILL %CVE TO ALTERNATE POSITIONJSI/IX,

*IALTERNAIE P2 SITICNS ARE: /lx,'UNT,5,'x',<)X 1 'Y')
it11 FOFMAT Cl).*I3 .7: F .P7 * , X F 7. 11
6-12 FO;MAT(/,.'AT c 61LL PgO5AeIL1ITIES'/1X,'RANGE',4X,'P',

613 FC)FPAT(2X,I4,4(2X,F4.2l)
f.14 FQFMAT(/4Xv'DEF. K(ILL FPCFBIL ITI ES'/11X, RANGE v 4X, P 9
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*,)9 P4H ' 2# PH1 I3X tPKH'
615 FOPMAT(/I, CURRENT STATU! LF NIT I V-l1A8LE DEi-;WTICN519dl,

*'C -ALIE N07 FIRIN~i/. 1l - 4LIVE AND F-1F '.G'q/9
- KI LLED I ' 2 - Il (7 1 NG II

61? 0fM I 1/ i' 4iCLE SPEED VAR !ABLE OEF !NIT!NS.
Of I - 9 PPH19/,' 2 - 12 P,, 3 - 1' MP'., 4 - 18 MPNq)

6 18 FOPF I T 0 1. 10 q *** 'H F LANC C P'AT PtHASE OEG INS: ***S,

622 FORMAT 1IlX9 ' ' VIE~' v 14,IX sg S E~S', //)
f23 FOP'ATf/,' AG6;ES , L IT7 INF 114A7I2ZN -
62'4 FCPmAT ( I I UN 1T', 5X , 'X' , a) , 'Y',5x.FC LaVEL 2 X, STATLS',

*2)9'LCST;FCTt 2XqfTAcETSel

626 FOP14AT t3A# 1191XF..2, r I. I, t.1 F qX, u1~, .A13 ( 1, X) 1
k27 FQFMAT J/ . L)EFENE INoE UNI T INFC '-A41]Nq)
628 FORMAT( 1) 0UNIT't,:A0X', E y Y',xtO~FCCE LZ3VFL' ,2x~lSTATLS'

*2X 9 'LCS T -FCT' , I T 4:ZC ET '

630 FOPM&T 3) ,! 1 .3N,F7.lvZXv: L, X9FI9X,F3 I I , [.X, F5. X3, ,3( 13 X3
t31 FORMAT I ), 14-**. ACCRESCO FC;C E !S ELIMINATED. Nfl Or FATTLE.-)
0!2 FC9M.VTC I~ a*-* CEFENSI VE FccC 15 EL>'t:C ZV F 0ATTLE.,l
633 FOROAT( 0#.'***** CISIANCE BETk-EEN FOREES I... TUrC C:., E.

*$END OF EATTLE 10930*'
RETU~RN
END0

C
SUERCUT!NE SETLP

c **suePCuTlNE SETLP IS USED C 70A6 IN THE TFERAi ')T 'AN
c CRE8TE PIRAMETR C 7ED;AIN * Tt-IS TEL A!N- C.:74 -LL 2E uJSEc

jHMEN Coo;CTINC L!tE-CF-SICH-T TE~EE AP ES . j ,=~
C AS ! .EL L A S P?;C VI I NG C RI 1Sv S - E UN 1 L- CA T ~TS A: 4L

C C k'CNft HI LL S NI-ILLS
CC P ?d' N /CC #E m CX C (1S 3 C NC SC P E 4K15 0 ,P X X I15JCPI/ Y 1503
C OMMiCN / C~i ClQ'-P XY ( 5 C EWL~

4~~ CNN' PCJ 'i t-JT;A,K rlVcS EL,(T

ItEA C( 5 1 %1- .IL L

CO 50 11r1~

FEAID(, 1 IH T

REIC(7i H. ~ Li, !--rff' 1 -I1 * HTC"'
t5 CO ICO I1~-1N-LL5

CAhG=CGS( hAfkLE)
A=PEAP(I) /(FE.1i(13-5O.
A-ALCG (Al
e=A*E(C(I 3*02
SSpD'5FFD0(I m
PXX()-A.ACCNG5SI.* G /SZPO
PXY( ! )-(?.! !ANLC4-',*( -Al ISSP;

C ALL VAL(,ES N~C% IN PETERS CN 0 -- 109000 GRID
1CC CCT114UE

REtC(5.SCCI NCVELS
IF(NCVEL!.EQ.O3 CC TC 200

00 15C 11,qNCVELS
REJCIS '5A )CCCIC(Ib#CPEAK(),CPXX(I,CPYY(I),CPXY(t)
KCF( 13 -21474836CC

150 CON T I ' E
FEAC (5,53 C ILSTC
REAO( 5o,3 )C
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READ I SOC INC IC
REACI 5,53C) (L!STC (I),1I 1LNCTOTI

2CC K1lPEP=-2147493fCO

KV=C

KELL=O
K I t'T=0

ECC FCRMAT 3 fN, 14)
510 FCFMAT(lEX,F5.1J
520 FGFMAT(1-X,F7 . 1,2X,F7.1,E),F6.1,5XF6.Z, 5XF8.Z,4XF4.1)
510 FGRMAT(ll'.lCl5)
540 FCFAHAT t3F1C.4,2EI13.7)

P E I LR;t,
ENC

C
SUEAGLUTIPE ROUTE

*SSLEFOUTTNE ROUTE COMPUTES TH~E RO~UTE Cr EACH AGGPESSOR UN I T
C lofEN THE L= P4A! SELEC7=1 7>E CP'rI0N CP 'NPUT:NG 4Q:cQSSzR

C RCUTES. IT CACLTST~CCONTSC AH IN7ERViL =.tJPCt
C ALONG TI-E ROLTE,Pt~rf\G ::-CH ZA'?ERVAL LE:'JGT -(:ISA.JCE M1CVcED~i.
C A IC SECC!KD TIM'E SIEP) 7H; SAPE. 7HE !INTEqVAL LENC-T; IS 5ETERM:NED
C e'V TE SFEED TI-E LSER HAS SELECTED AND !NPUTED FOR Tr-E CURRENT
C 13A ITLE .
C

CCPMCi /GPP3/ NELNRUFL~d)FO(6),NOI(3),X!C(3,200)ty"CU,20C)9
*ICIR(3, 2CC) 4\0'p, sFO
*,ILS7TTI,1(),LCT(t,6 ),VlSF:RA,VlSFRB,SlZETKv
*512ETw,NI(Le),P.F(t),SRF,CI5'AAX,

CIPENSION XLCC(3,20),YLCC(3,20)9N(3)
IF(ISPO.EC.41 CST=60.4t2
IF(ISPO.EC.3) ES7=67.U53:
IF(ISPO.EC.2) CST253.643
IF(lSPD.Er..1) CST=4C.22
DC 110 I:1.NRU

REAO(C,20C) N(If
NL=N( ]I.1
DC IC IN=2,NLI

PEA0(9.5 IC) XLCCS.Y tCCS
XLCC(I ,IK)=XLCCS
YLCC(I ,Ifti=YLCCS

10 CCNTI?'LE

'VLOC (1,1) =VICC 191)
IOIR (I*1,1-C
NL=N (II
NUM= 2
CO 1CC J=1,INL

XLzXLOCCI,,J.U-)(LOC(I,J)
YLLOC(I j)-YLCC(!ijlI

Y:IBS( YL)
Z='h/XL
A CL=ATA4( Z)
DEC sANGL * 12559
1 F JEQ. I GOR TiO 50

XLN=(CST-;X7RAI*COS(ANGL)
CIST=DlSitEX7Rh )-OST
'VLN=(CSl-EXTrRA) UlN( AKGL)
X IC CI, NUi' IKICCI ltJUM-I) +XLN+.XLE
If(YL.GT.C.) GO 10 2C

YLN=-YLN
20 YlCI,Lf4 )mY CCI .NU?41)+YLN+YLE

INI 'L*Gi.C.)I GO .0 3C
ICIPCINU4)=-lFlX(CEG)
GO TO 40

30 IOIRI I,N4LM=IFlXCOEGI
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40 NU aN LM +
5c XLPeCST*CCS(AKGLJ

VLNOST* SIN (ANGLI
IFQ'L.GT.O.) GO TO tO

'VLN-L M
6C IF(OIST.L1.CST) GO 10 rC

IF(VtLG',.C I GO 0, 7C
IR( INWUf- IFLX(CEG)

GO TC EO
TO ICIR(I INul'lIF1IcIDEG)
80 CIST=CIST-CST

NLM4NL14*1
GO 0 6C

90 EX1Ph=I ST
XLE=EX TftA*CGS( ANGL I
YLE=EXTR4*S2N(4NGL I
IF(YL.GT.O.) LvC TO ljiO

'VLE =-'YLE
100 CC'NTIIUE
11C CCNTINUE

!00 FOFMAT(3EX,I2)
!10 FCFMATI l2XvF.II ,2XF8.l1)

R ETURN
Efkc

C
SLEROUT114E LAMCA(IJ9PCTVIS,CETRAT9PK)

C
C * SLERCUTIt'E LAMCA 11, CI:JLuCTICN JITH THE LCS RO~UTINE CCMPUTES
C THE CET ECTION, F AT E(C -TPAT ) C F TAk GET J 3v Y HE 00,SE RVEQ I GAV
C THE PERCENT CF TARG-ET VISIBLE (PCOTVIS) TO THE OBSERVER.
C

CC PA'ON /CP Fl/ I PF C R(6 1, 1 ECC (b ) MV TO IR 6 1X( 6) Yt: ISPO( 6 1
ICFACT= 1 .C
2 E F OL. Ci 0COlI
FAI-3.14159

7 C-(ISECI.C(Il*PA I/lEC.Ct/2.O

IF (AbS(8Ee).LT.Z-'i:OL) E92-a.0
AA A= (-3 EE *CSI L;)
IFf.fES(AtA).LT.ZERCL) A-,'z3.0
I ANG=AAlthl( Y(J)-Y(*)))(h CJ)-.X !I
F (CTA GI.LT.-PPI/2.A?,3).CT.'N(;.CT.-PAI I CTANG=2*PAI+CTANG

IF(CPDO~AIGi.GE.C.0I GOIC 1
IF(PO.LT.C.O) GCTC C
ANCELE=2*FAIeQTAC.-FC
COT0 10

9 AfCLE=2*FAI+FG-CTtNG
10 IF(AN4GLE.GT.PAI) ANGLEa2*rPAI-ANGLE

C*OTC 2
1 ANCGLE=AeS(FO-CTANC1
2 IF(AtIGLE.C-T.01 GO To 3

CLFPG+DC
CL C=PE
AhC.LF7,=ClAK.( 15.C*PAI/I.EC.)
lF(ANCLF1.CT .0UPI ANCGLFT=EUP
ANC.LRT=lAING-I 15.*FAI/'8C.)
IF(ANGLkT.LT.0LCth) AN'GLT=OLOW
FK= E83*AS (AdS (S.IN(AtIGLFT D-AESIS IN( ANGLRT )I )+AAA*( ANGLFT-

*ANGCLRT I

I f(PK.LT.C.0) GO 7CIF( PK. G .1.0) CO IC
GO TO 8

3 PK-0.0
()ElRAT O .C
CCG TO 6

5 PkuI.a
e RANGE-SCRT(( XE43)-)(I ))**24(Y(J)-Y(!) )*SZ I

RRwO.0CI46RANGE/PC7VI S
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TOAN4G=A1 2N2i(Y(~i i-'f ( J) I, C -X(J )I

HCAPVEL=Ae S(SO(j * SINl 7CArNG.AC 3)
hOFVELxHCFVEL*lC./3.0O.O
0E40M1.4534rTCFACT0C.57E.1e8*(RR**2)-O.5038*HaRVEZL)
If(QENrM.LE.ZEACL) tRJCm=iE CL
CE7RAT=0.CC3+l .08d/CEN*J-M
CEIATCEIRA7*FK

6 RETURN
ENC

C
SUEROUTINE ELEVLE,Yt7HAC)

C
C **SUeRCUTINE ELE' CE-IE' INES THE TERRAIN ELEVATION FCR A GIVEN
C SET OF X, Y CCCRC!NaT=S. IHIS rUNCTION !SUSE-) IN CONJUNICTICN
C W11H THE LCS S-Lb9Lt.T!N I! CC.'FUTING LINE-CF-SIGHT aET-EEN
C BSERVER AND TARGET.

C COMMLN /HILLS/ XC(I,.C),YCIIO),AKt100hA4GH(1D00,spprCU00I
C Q?$MM /HILLS/ ECC(IC,P)X(1CC1,PYYU.O03,PXY(IOU),BASE
CO!MON /HILLZ/ Nt-ILLS
C OMA0rl /CRID/ LS( ,),II4H t(5941LIST- (1501,KHREP(150 )KREP
CCMMCN /CRIf)/ LSTC.:5,4Ai NC4 5,4,,LISTC(400 ,vKCakEP( 15C)
DAIA GSIZE/lJUC./

C*** FLNCTION IC ZCMPU7E TFRRAIN ELEVATION FCR GIVEN X, Y CCCRDINATES.

IF(NI-L(IxY.EC.!. iTO 150
L =LST(I I
LENC=LS4N-Lf !X,IY)-1
CC 100 L=LS,LEP0
I=LISTHI LI

QXSQ=QX*C~i
QYSC=QY*CY
C)FV=QX*CN

lF(FACTEP.LT.-3.) CC 70 1CC
HI=PEAK (I mE"P (FAC',q
IF(j-.LE.Z"'AA GC fC 4100

1CC CONTIN1LE

ENC

SUEROUT IfE STCCF El,Rb14G2. 23
C
C *** StLEPC'TI!NE STCCH C=T3MI4N(S TI-E ATTR!TICN CC-1crCIENTIZ WHEN
C A LSEPZ HAS SELECIE3 i STC(HASTIC ATTRITI:--4 2PTION. T)-t CALCULATION
C IS A FU.NCT!Jt CF ' E CRIGINAL STOCHASTICALLY DE7ERMINED ATTRITICN

C CCEFPICIENT AS WELL 4S5 A FUNCTION OF RANGE.
C

CCOM(ON /CPP6/ ALPHAU'-
CC!,4CN /G.;PB/ CNU.;L!FLUIvFO(61NOI(3,KIC(3,ZOQIYIC(3,ZQOI ,

*N~C~C(6~ ~ '!NTWRMXT'W OP TCWFR LAR

IF(I.EQ.;) G~C IC 10
A*ALPHA(1t,( (1.C-kANGE'/RMi)TW)**21
GC TC 20

IC A.tLPHACII1( (1.0-RANGE/R.M)TK1*m2)
20 RETURN

E NO
C

SUPCUTI'E ETK(IRANGETl
C
C **SUeROUTINE ETK COM'PUIES IFLE EXPECTED TIME FOR A GIVEN FIRER TO
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C KILL A GIVEN TARGET. Tt-E CALCLULAT"ON 1S A FJPICTI::N CF RANGE,
C TIME OF FLIGHT FOP A CU ANC -IT +N. KILL PPt3B.81LITIES FOR

THE FZIthG WEAPON SY5Tk4. IT 75 A 'J!EA 'HAT IS USEC I5 THE
CCMPUTA1IEN CF THE DETERMINISTIC ATRfTT CO E0'FCIENT..
MAMC-N /GRP2/ TA(2tTICZI ,H(21,TM(Z ITF.:,,*TFZ :21,7F3(2?,

I F IE c) GO 70 5
TF( I ITFI( I)
GCTC t

5 IFIRANGE.C-7.iQOC.C) GOC Tr
TF(fl=TFl(II-(7FI(I;Ci]OGC.C-RAN\GE3/1UGC,'.0I
GO TO 6

7 IF(RANGE.G7.2CCO 0 0 GO TO 8

GO TO_8

6 l(PANGE425.0/!O.

*FHPCIJI I(-P..-H1( I)pHv( IJ J+PH( ,J I-CI))(MI+Fl

PELURN
ENC

C
SUERCUTI1JE SCR7(I.0')

C **SUERCUT INE S:-RT IS U!E0 TO SCRT 1ARGETS IN ASCENIIING RANGE
C OFCER. IHIS IS USED 70 :-ElERMINE 7,1 PRIORI Y OF A TARGET
C FOR FIRE ALLCCATICN.
c

CCPPOCNl ICFP5/ LOT(696iRCT(696 I
co iC J2I M

IF(RO7194,).GE.RCT( I,J) GC TO 10
R=FGIT(I ,I
NNLCT( ,J
ROl (IJ)oPCT( I,4)
L01 ( IJ) 2LCl I A,MI
ROT( I, M3=R
LO 07 (, P) zN

10C CONTIN UE
PRETURN

SUeRCUTINE KCE(C'ATSZTZ, S,7SVI5 ZT
C **SUERCUTINE KCVEq CETEAPINES il! 0y"CO~ A PA' TICULIL.TARGE T

C IS CCVERE* 5Y TEP *E;PAIN 5ETV:EP4 -H2~ 'APG-:T AND O.ESEVER.
C THIS NUMEER 1S UJSEC IN TEEECII LA TTRITIO-N COMPUTATION.

IFCS.0EQ.O.) GO 'C 10
IFCHTS.CE.ZSJ CC TO 20

HcE(lzZ3+ CMI -ZCQ/S
WT=AMAX11I-EXT,M4ACT)
IF(EVIST.GE.ZT) CO~ IC 2C

IF( EVIST.LE.Z,- SIZE7) :ETURN
VIS=CZT-EVIST I/SUET

IF(VIS.LTAIlSFk7I, VS F!T=VIS
RE! UP ,i

10 IF(PTS.L7.ZOI FETURN
20 VI!FRT=C.C

RETURN
E NC

c
SUBRCUTI1 E LOS( XAYA,TM4AC A,TMICA* SI Z CA,X8,Y39'MACBTP~ICBS IZES,
*ATCB, L ETC A, V ISFP AtV lSFRe I

C 7 HIS SL8 iCLT IIE AS R ITT EN BY FPCFE SSCR JAMES HARTMAN, NA'PAL
C PO.TGRACLATE SCIHOOL. IT CCMPLTES A PEFCENT OF A TARGET VISIBLE
C 10 A PARTICULAR CESE9VER, GIVEN THE (CORCINATES OF 6CTH
C

CCMMON /HILLS/ XC(IOCI,YCCIOCIPEAK(!1009,ANGH( O103ISPPD(100l
CCIOMC /HILLS/ ECCCLOO),P)XCCC3,PYYC(1C0),PXYC1033,t3S:
CCMMN /HILLS/ NtlIL LS
CON'CN /CCVER/ CX(C(15O),CfC(1SC)tCPEAKCI5C),CPXXC15C),CPYY(1501
C OtACN /CCVER/ CFX'rC15O),NCVELS
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COMMO4N /CCLtNTR/KN, KHW, X # ghs KGRS, KELL9 K1117
COMMCN ICRIOI LST(5,41 ,NL5941 LISTH( 1509KA-P( SCI ,K hEP
COt'14N /CAID/ LSTC( ,)NC 15,4 1, L STC(400O),K,:P P( 150)
CIMENSICt, IGX(lCCI,ICY(I0C,IEL(1.OO) ,JO .C52i(LOOI
DATA GSUIE/IOOC.i

C*** SUBROUTINE TO CCMPUTE FAAClION VISIBLE FOR OBSERVER TARCET OAIPSSJ SFRAxl.

)FAzX8-)9A
V~ E 9=YB-YA
IF(IX8A.EC.0. ) AhE.(Ye A* E.O . ()RETURN

IF( SIZEA+ TMICA.LE.O.) C-C '0 510

JF(TM!CA.LT.O.) VlSFQ~I.O4.'lCA/SIZEA
IF(TI4lCB.LT.C. ~VISFR8-I.0+7lC3/SlZEB

ZAzTP~ACA 4 TMICA + !ILEA
l~aTPACB + TlMIC8 + SIZEE
KTP.EP;KTREF+l
ZFA=ZB-2A

ye ISQ.~ YLB 4-YE~
XY EA=X(EA*YEA

ThOGYdA=Z .*YOA
C*** COMPUTE GFIC SQUAPES CROSSED 8' A TO E LINE

IF (xeA iio05iCO

oc ISG)=-l
XIN(=C-S! ZE/XBA

C*0 TU 12C
XlC ISGX=1

XIKC2-GSI ZE/XEA

12! YBA=C.1
33C I SGN=-1

YINC-GSIZE/IEA
CC TO 15C

14C ISGN=1
YINC--GS I ZEi'VeA

X'i=I IF IX~(YB IGS! ZE)
XNEXT=GSIZEm(FLT(IXI.O.!*CISGX-1.))
YNEX7=GS IZEk( FLCaT (I Y ) +0 .*( SGY-1.)

'VSTEP=( YE-YN4EXT)/1EA
16C NCFSO=NCPSC~1

IC-X(NGRS5C 1=1 X
Ic'NGRSC (sly
lF(UXS1SP.GT.14).tNC.(YST!P.C7.1.)) CC TO 2OO
IF(XSTEO-YST=PP 17C,jSCICC

170 ix=lx +lSC~X
X SIE P=X SIE P+~I NC

GO TC 14C
lac IX=IX+1IGX

XSIEPaXS7EP#)INC
19C IY=IYISGv

YS7EFaYSTEP~ylNC
GO IC ltC

~OcRO C RS;KGFRS . M S C
GR ISCU RE LIST NC(i COMPLETE IN IGX, IGY WITH NGPSC ENTRIES

C
C*** FINC WHICE- COVER ELL.IFSES lCUCI- THE A TC 8 LI?4=t
C*** CHECK ELEWAICNS A1 S1 A~ND SZ FCR EACH SUCH ELLIPSE

NE IS=0
C lIiiAXaC .
IF(NCVcL!*EQ.Cl GCIO 270

Do ZeC K;I;fGFSC
I A'IGX( I)
I '7. IGY (K I
NaNC(IX, IY)
IF(?d.EQ.0D GC TC 26C
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LStLSTC (IX, lYI
LEN 0i..t~hI
CO 25C LaLS,LENC

KELtl.KELL+ I
IC-LISTC (LI
IF(CRF(IC) * E.KTFEP) GC To 250

KCRE(IC I OTAEF
RXX*A-Cxc( lcCI
RNUNA-CYC( IC)
PPX)=CPXX( IC)
PFYY=CPYY( IC)
PPX'vzCPXY( IC)
AA-PPXX*XB ASQ*PPYY*YS3ASC.PPXY*XY53A

BE=FFXX*TWOX EURA4+PPYY*PTWCYBA.RveIDXY*(QX*Ye3A+RY*XBA)

APG=EE*eB-J. O*AA*CC
IF(ARG.LE.C.1 CC TO 250

SC=SQRT (ARC)

52F(SI.EBI/. GOTO25
-. IF(S2.GE.G.) GO TO 250
IFISI.LE.O. I GO T 510
IF (S2. C:E.L.I GO TO 5 10

C*** CHECK LQS AT SI ANCE S2
K INI=K!NT. I
C FK zCPEAK f(IC)
XS )A+S26 )8A
YS= NA4S 2* NBA
CALL EL EV (XS,9Y SNTS)
H I S-II1S+C FK
ZS=ZA+S2$ZBA
£F(LATOS.EC.Cl CC 7C 210

CALL KCVER ZA 9TMA (Si SI ZEB 9Z5 o,5Z HT S iZS vI SFqe)
IFIVISFRE.LE.0).) (0 TC 510

;IC IF( IOA0*.EC.C) GO TC 220

CALL KOVERUS2,T'4A A, S!ZEA ZA rStHTS, ZSVI SFRA)
IFiVISFR.A.LE.O.) CO TC 510

22C XS-XA.Sl*XBA
YS=IA+S*Yi4
CALL ELE (I'SS,HTSI
H4TS=H-TS;CF(
ZSZZA+S1luZEA
IF(LATOB.EQ.Cl GO Tr '3

CALL KCVER(ZATM9,(B,SIZE5,Z5 .Sl,HTS,ZS,VISr-R8)
IF(ViSFRP..LE.3.) +'C '0 510

23C IF(LOTOA.EQ.CI GC TO 240
SRI. 0-sI
CALL KQVERtZ5,TMALAS!ZE:ALA S,HTS,ZStVISFRAI
IF(VISFRA.LE.0.) CO0 TO 571C

24CNE 1 5: EUS +l
IEt (NEL SI%1C
CS14NELS D=S!
CSZ(MELS) xS2
IF(CPK.GTCH7MAX) CHIMAX=CPK

25C CCN71NUE
;eC CONTINLE
C** ALL ELLIP!ES CHECKED
C*** SIART CN 11-E tmILLS

210 CC ECO :.GS
1X= ICG(K)
IY=IGw(I'
IF(NHL(IX,1't).EC.CI GC TO 6CO
LS=LST (IA, IY)
LENO=tS+4HL(IX ,IY) -1
DO 5CC LwLS#LEN4C

IzI.ISTF(L)
IFW().REP(I).EC.KTREF) GO TO 500

KHFEP( I )KTREP
Cs,. FPOCESSINC FOR IILL I STARTS HEFE

KH-Khf.
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C4** COMPUTE W =TOP CF THIS HILt ALONG C-T LINE
C

TRa)s*A-XICtI)
TP'AN-A-VC( I)
TP)XzPXX( I
T FPX~PV(I )
FOaTWOXBA*TFXX*TP.XWCYE *TPY*TRYTPY(TRX*YBA+TRYYXBA I
PsTPXX*XBASQ'TP'vY*',8AS(.*TPXYu=1BASG .EC.Q.) GO TO 300

I (A8S(W).GT.5.J GO TO !00
F SQ. QFQ~PC
EgU1PXA*'TPX* TRX.'TPY N*TR'1*TRY4T FXY* TRX*TRY

FOWE2E-FSQ/(4.*GCl
IF(PCWER *LT. -3.1 CO TO 500
HH"W=FE AK (I )* EXF(PCW [R)
ltHW-cH%*l
IF (HlHW.LE. EASE) GO 10 5CC

IF((W.LT.O.l.OR.(w.CGT.1) GO TC 300
IF(IIW .GE. Z) GO' 10 51C
C~d4i=O.
IF(NELSsEC.OI GO TC 30C
00 280 M=1.NELS

IF( (CSICNI.GCE.w 140R.ICS2(M) .LE.W)) GO TO 280
f0= I EL ( )F(CVHT.LT.CPEAK(ICII CVHTW=CPEAK(ICJ

;8CCCQ7INLE
IFC(( HlmCv,.I'r.GE.Z.I C-C TC 510
IF( I-IWCHTMAX.LT.AM1NI(24-SIZEA,ZB-SIZEBfl GO TO 500

to** IF WE GET 7TC HERE TH~EN NEEC TC FIND LCWEST SIGHT LINE OVER HILL
C*** NEWTCON ITERATICN A TQ 6 GII-NG VISFRB

IF(LATO8.EC.0) GC TO 400
K'V2KV+ 1

HHVZHH W
NCI=C
F V=FC* V
TWOC-V=Z.*GC~,

330 FCNV=Z.AHt4V*(TkCGV*%+FV-1.)

FACICRk=(1wRCCV*T 4CGV42.*(GC+TWOCV-*FCI+FSQp
DFCYV=$jHV*V*FACTCR
IF(AES([OFCN\) *LT.j..E-lC) GC TC 350
V=V-FCNV/i'FCNV
FV=FC*V
TwCG x.*GC* V

PER=EQ+FV C0* V
IF (PCWER *LT. -3.) CO TO 400
HHV=PEA((I )shXF (PH ER)
CH4HV4HHi*( FQ+TKGVl
EL~= ZA+CHI-VAV
IF fASS(HV -ELV) .10.1.) GO TO 350
Nol-NCr, 1
IF (NCT.LT.10) GO TO 330

35C 1C~L...R(.T1 GO TO 400
CVHTV= 0.
IF(NELS.EC*O) CO TO 390
DC 380 Mul NEtS

IFI(CSIHM).GE.VI.OR.(CS2(M).LE.VflGO TO 360
IC. IE L II

sac IF(CVNTV.LT.CPEAR(IC)1 CVHTVCPEAK(IC)
18 COOT INUE
35c H7Vxt*4V+C0V

ZV-ZA.V*ZBA
CALL KCVER( 2.eTMACO SIZEE9ZB9V ,ITV9ZVvVISPR8)

F VISFP8.LF.C.l Va TO 510
C*** NEWTCN lTEPAT1CN e TO A GI'VING VISFRA

IF(AES(V).CT.5.I'GO TO 400
4CC IFfL8TCA.ECo0) GC TC 5CC
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NC 1 0
FV- PC*',#

43C FCt4Vzc +-HVI FQTdGV )*VM -I. )
FAC TGR=( TWa](V*TWCGV 42. CQ+TWOCV*FQ )-FSQ)

I F 3S ( CFCN w, .LT. IE- 10) GC TC 450
V%1-~k-V/CF( NV
IF(A8S~v).C.T.5.)CO 7005CC
VM4 1V- 1.
F V % F C*4
T 1AC C V2. *GC oV
PEWER uEQ*FV*CQ*V*V
TFFJ1 1 -3.) 10 TC 50C

DHIVPEH4K (F f; #T A IRI
E L V~ Z +C Y~: Y11
1F f A6 S ( -hV--EL V) .LT.1. )Go TO 450
hCl1=NC T 4
IF (I\CjTLT.LCI GC TC 41IC

'.5C HiF( V.LT.O. .P(V.CT.1.)) GO TC 500
CVl-TV I:E. )IF(NFLS.C: GO TC 490
CC 'icO Mal,NEL5

It (CS1 (y .CE.V)I.CR.(CS2(MI .LE.V )IGO TO 480
IC= I E L (f
lff(VHTV.LT.CPEAlK(CCI CV!-T=CPEAK(IC)

4ec CCAIL~juE
'.5C NT\=HH eCVmT'J

ZV-Zfi*V*ZB4

CALL siVER(ZqtMACA,SIZEAZA,HTV,ZV,VISF:RAI
IF (VISFRA.LE.O.) GC TC 510

!CC CC T' 'NI.E
tOC CCNIINUE

F E l u N

C E I L PN
tN2
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APPENDIX C

COMPLETE INPUT DATA SET

for the

SMALL-UNIT AMPHIBIOUS OPERATTCN COM BAT MODEL

The small-unit amphibious operation combat model consists of two

phases of combat, ship-to-shore and lan. combit, and requires data

input for each of these phases. The data set that follows is divided

into two parts: the first part consists of all data used as input for

the ship-to-shore phase of combat, and the second part consists of all

data used as input for the land combat phase of combat. The input data

set was designed to be self-documenting in that the input variable

names or descriptive phrases are listed alongside the data being used

as input to the model. The purpose of this documentation was to assist

the user in associating the input data with their'respective input

variables. A complete input data set follows.
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IPRINT - 1 C FOR ECH lIME STEP F 1 FOR r:O OF , ATT LE.
LVAIS SPOMAX = 40.00 SP0MIN =10.5 I-TMAX = 1.7 HTMIll = 0.t: ;I10IH = 3.533

TTS = 10. LENGTH OF EACH TIME STEP IIl SE=P0NS.
TANK MAX RANGE - 150C. AIGM MAX RANGE - 2000. ATGm ; RtNGE = 200.

TARTM a 15. SARTM = 30. TVEL = "50. SVEL 350.
ISIGV a 25. 500. 1000. 2000. 5000. 10000. 0.

2. 5. 20. 25. 25.
ISIGH a 25. 500. 1000. 2000. 5000. iCO0. 0.

2. 5. 20. 25. 25.
TMENI = 25. 5CC. iCOC. 200o. 5000. IOCCO. 0.

1* 5. 10. 15. 15.
SSIGV 2c. 25C. 500. 1000. 2500. 5000. IC3OO.a: 5. 7.5 14. 15.5 17, 20.
SSIGH a 25. 250. 500. 1000. 2500. 5003. IC000.

0. 5. 7.5 1.0 15.5 17. 20.
CEF. WEICHTS ASSIGNEC TO WAVE CNE = 2. AND WAVE TWO = 1.

60. OF L'4 PER WAVE = 25. 20. 15. "O. 5.
SHCRE DEF. TthK ASSETS = 10. ATGM ASSETS = 10.

AITRIT COEF. FCF AGGRESSO; FCRCE FIRE: ALiPAI= 0.00006 ILPIA2 = O.CCC08
AlTmil Cu.tt- FCR uJFENSivE FCRCE FIAE: BETAi = O.Ouu' cET A = O.CuO

AIwEC FIFE ATTRIT CCEF.: WeETA(l) = C.0005 o8EIA(21 = 0.CCO7
GAINt = 0.32

GAMMA x 50.0 DELTA 1OC.0
NO. CF HILLS IN TEFRAIN MOIEL 46

BASE = C.C
HILL CATA:XC= 2000. YC= 11C0. PEAK= 170. ANGH= 0.1 SPRO= 7C9. , ECC: 8.0

1800. 2200. 150. 30. -50. 2. C
2CC0. 150. 150. 130. :GO.
;4Co. 1400. 150. 0.1 3Cc. 2.5
2450. 1700. 130. 80. !Cc. 2.2
27CO. leo0 138. 90. -00. 2.2
.200. 160. 140. 150. 60C. 3.
4300. 1300. 130. 160. 400. ?.5
-750. 11!0. 150. 0.1 660. 3.6
Z150. 16.CO 150. 160. 55C. ?.
'2C0. 2150. 130. 25. C0. 1.5
460. 170C. 170. 45. :C0. 2.5
4800. 1500, 170. 0.1 3CC. 2.5
82C0. 2600. 170. 90. 10.8
400. 2850. 150. 12C. 300. 1.8

3100. 2700. 150. 150. S5.. 2.
;500. 24CC. 150. 0.1 250. 1.0
265O. 2850. 150. 160.O 'CC. 3. C
;7CO. 26CC. 150. 130. 270. i.5
-ECO. 2200. 150. 0. 1 2zc. 1.5
4500. 2600. 150. 90. -8c. 1.3
ieCO. 26CO. 153. 145. 500. 2.5
2700. 330. 190. 2c. 35%0. 2.0
30C0. 23co. 170. 15. 400. 2.5
-150. 27!C. 130. O.i _50. 2.5
-750. 32C0o 150. 13. 8SC, 5.C
-ECO. 38CC. 153. 0.1 65c. 3.

0co. 36CC. 150. 160. 320. 2.0
4150. 3950. 170. 30. 220. 2.2
165O. 21CO. 150. 30. 300. 2.0
;250. 21C0. 180. 150. 220. 1.2
2C0, 1700. 180. 80. 153. 1.5
; co* 14Ca. 150. 165. 500. 2.7
300. 26!0. 150. 20. 40C. 2.5
'1t0. 3CCO. 130. 160. ? 0 ). 1.7
£450. ?1!0. 130. 14C. 350. 2.5
4850. 3600. 150. 45. 400. 1.8
4500. 40C00 150. 60. 450. 2.
4850. 34!0. 150. 150. 440. l.8
400. 3000. 130. 45. 250. 1.5
47C0. 24CC. 150. 50. 400. 2.5
44;00. 20C0. 130. 0.1 25C. 1.5
;5CO. I10. 170. 0.l 550. E.
3350. 43C0. 150. '5. 450. 2.5
400. 2200. 150. 45. 280. 2.
. CO. 22C0. 150. 0.1 300. 3.5

LS7T(5,4) * 0 C 0 C 0 0 1 7 18 27
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o 33 39 53 62 0 74 77 e3 93

C 0 0 0 0 6 IL q 6

N 6 14 9 12 C 3 6 10 3

NO OF HILLS TOTAL -101
3 30 4 43 1 3 4 5

6 32 33 7 11 21 43
8 9 10 11 33 43 10 12 13 9

42 14 30 23 15 3 14 15

1t 17 18 1s 2C 6 23 11 7

2 31 11 16 20 22 34 35 44 45

46 &C 21 22 12 34 35 36 40 41

42 4 46 14 23 11 23 24 25 15

26 14 25 26 27 28 29 24 22 23

35 44 26 27 29 35 36 37 38 39
40 0

NCVELS 
4
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ATTRIT VAR s a CSEED 143257.0 (FCR AGGRESSOR FORCES I
BETA CIST. INFUT PARAMETEqS: FP = 7.C QQ = 21.0

AuRIT VAR - 0 ESEED a 123457.0 (FOR DEFENSIVE FORCES)
BETA CIST. !IFLT PARAMETERS: FO = 21.0 GO = 7.0
NC. CEF UNITS = 03 NC. ATK UNITS = 02
RM!NTK a 0OCC.0 ;MXTK = 250(.d PMINTW = 0500.0 RMXTW = 4000.0
TYPE CF ROUTE I VEHICLE .PEEC = 4

XICC11 a 2000.0 VIC(l,l) t IqCO.o
lC.CO.C 2400.3
15co.c 2lCO.0

NO. CF NCCE! FOR ROUTE 1 = 01
XtOClI,1i= .CCO.C 'L C('.Il 25C0.3 FOR NODE I CF RCUTE 1
NO. CF tOOES FOR R ,UTE 2 x 0=
XLCC(2.11= 4 CO.O YLCC(2,1)} 2150.5 FOR NODE I OF ROUTE 2
NC. CF NODES FIR RCLT. 3 = O2
XLCC(3,1I)=  2ZC.U YLOC13,11z 1lCO.0 FOR NODE I C- PCUE 3
XkLC(3,2)= 4EC3.C 'LGC(3,21. 175C.j FGR NODE 2 CF rCUTE 3

DEF UNIT x = 3EC0.C Y - 21CC.0 FCRCE1O.0 3Iq. O ZWIDTH 120
3 5800.0 23C0.O LEVEL 5.0 OF ISO OF 120

LOCATICN 36C3.C 17CO.0 10.0 F!RE 1SO SkC- 120
ALT. POS. 'vAR. 0 BREAK PI CSCO.Z NC. TIME STEPS FOR MOVE 4

XA(1I = 45 .O YA(1) 300.0 FCR ALT. POS. I
XA(2) = 45Ca.C YAI2I v 21C0. = - = 2

X = 46CO.0 Y = IECO.0 - - 3
0.60 0.70 C.65 0.85
0.E5 C. SO C.@5 C. 90
0.EO 0.85 0.85 0.80
0.15 C. 8C C.75 C.70
0.60 C.7C C.65 C.65
0.Ac 0.45 0.40 C.50

P C.E5 P1-H C. 5 FH M C.75 PKH C.70
C.eO 0.80 0.75 C.70
C.05 G.75 C.70 C.60
0.60 C.5 C. 60 C.55
C.45 0.50 0.50 0.35
C.;C C. 2C C.20 C020
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APPENDIX D

BLANK INPUT DATA SET

for the

SMALL-UNIT AMPHIBIOUS OPERATION COMBAT MODEL

The blank data set provided with the small-init amphibious opera-

tion combat mode' was designed to assist the more familiar user of the

mlodel in rhe development of a new input data set to be analyzed by the

model. .t is par:terned after the complete input data set listed in

Appendix C providing input variable names or descriptive phrases to

ident-:fy tne locations of required input parameters. Underlining of

the spaces followiing these descriptors is intended to serve as a guide

for inputirg values for the input variables in order that they will be

compatible oith -:he formatted read statements of the program. The

blank inout data set follows.
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IPRIN' - C R iFACH 71P-c STEP & 1 FOR END CF BATTLE.LVAIS SFC4AX =-;C4N- -MXI
TTc (ENGTH ULtt0 TI M; 3TZP ITN SEC 3.10T

TANK MAX RANGE = *.ATC. 4A) RAKGE = .ATGM MIN FANGE __

TARTM = Ar =- VL __*SVEL __

7SIGV *

YMIENt1= _. -

SSIGV a

DEF. WEIC*I;TS AESIGN'C- TC W',VE - = -1 AND wiA7' Tio
hc. CF LVA PEA ~vE __* ETM~SES=

SHCPE tEF. T fMK ASUr TG ~T
AV1I!T CCFr. rCF u~sC FC 19 IE IC 1A 1 A L =IX
AITRIT CCEF. FCq DEF' 8.7r rCrCE FIRE, Bt = .. *TA2

AIMEL; FIFE ATTR17 CCEF.: 112'TA 1) = __ BEIA(2)
GAIKL = --

GAMMA C E ( 7A =
NO. CF H!LLS Tr,*-ERPtIN OCEL = ;-~

WAE =C.C
HILL CATA:XC= 2000. YCz 11CO. P EA K 170. AF'GH- 0.1 SPRO= qq.9 ECC= 8.3

19Co. 2203. 110. 30. -50. 2.0
;CCO. 1 co. 115. 130. 300. 2.
214 co. 14C,. 150. 0.1 300. 2.5
2450. 17,;r. 130. 80. 5CC. 2.2
271co. 18Co 138. 900 500. 2.2
3200. 161J. 14%0. 150. 6CC. -
2-2Co. I -L3. i3C. 160. 400. 5
3150. 11!0. 150. 0.1 660. 36
A150. 1600. 150. 160. 550. 3
2C0. I.130. 25o 503. 1.5
46C. 1 ,Z. :70. 45. 300.2.
'i8CO. 11500. 170. 0.1 3CC. 2.5

22CO. 170. 90. 350. 1.8
;400. 21850. i50. 120. 300. i.8
3100. 2700. 15J. 150. ?50. 2.
!CO0. ZC 0 5. 0.1 250. 1.0

2t50. 5150. !50. 160.0 4C0'. .
27C3. i-cc. 150. 130. 370. 1.8
ieco. eZCo. rso. 0.1 Zi. .5
4500. ?t- I. .50. 90. 260. 1.3
=- :%. 2rC5. !50. 145. 500. 2.5
27CO. -3C0. 190. 25. 3-5C. 2, 0
%CCa. "30(. 170. 15. Z00. 2.5
- I J. 37!c. 130. 0.1 350. 2.5
3750. 32 30 . 150. 10. E50. 5.C
-ECo. 36CC. 150. 0.1 650. 3.
:600. ? -C0. *.53. 160. 22C. 21.0
dt150. 3Q50J. !.TO. 30. 220. 2.2
3650. 2 1C 1:. A00o 30. 300. 2.0
2250. l1co. 1-80. 150. 220. 1.2
;220. 17CC. .8. 80. 150. 1.5
iECo. 14CC. 150. 165. SoC. 2.7
3800. 2f-50. 130. 20. 4CC. 2.!
11150. 3Ccl0. 130. 160. 300. 1.7
4450. 31 0. M3. 140. 350. 2.5
4850. 3600. 150. 45. 400. 1.8
4500. 40CC. 130. 60. 450. 2.
4850. 3450. 150. 150. 440. 1.8
4sCo. 30CC. 130. 45. 250. 1.5
47CO. 24CC. 150. 50. 400. 2.5
4900. 2000. 130. 0.1 250. 1.5
;!Co. 1100. 170. 0.1 950. 8.
-350. 4300. A50 45. 450. 2.5
4000 . 2200. 150. 45. 280. 2
LSCO. 22CC. 150. 0.1 300. 3.5

LS1(5,41 * 0 a a a 0 0 1 7 18 27
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0 33 39 53 62 0 74 77 83 93
NHL1594) C C 0 C 0 0 6 11 9 6

C 6 14 1; 12 0 3 6 10 9

NO, CF HILLS TCr'L * 101
L1SI1I 1 2 3 3C 4 43 1 3 4 5

6 22 33 7 11 31 43 1 6 7
8 9 10 11 33 43 io 12 13 9
e 42 2 14 30 23 15 3 14 15

16 11 18 1oC 20 1 6 Z 11 7
2 31 11 lo 20 22 34 35 44 45

46 2C 21 22 12 34 35 36 40 41
42 45 46 14 23 1- 23 24 25 15
26 14 25 26 27 28 29 2 - 22 2 -

35 44 26 27 29 35 36 37 38 39
40

NCVELS 0
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A7TFIT VAR aCSEED = IFCR AGGRESSCR FCIRCES)
BETA LIST. INFUT PIPAPETERS: FR a 0 =

ATTFIT VAR aCSEED w *c1FR DEFENSIVE rOPI-.,17
BETA CIST. INFLT PXRAtJETEFS: FD a. 0
NC. Ef UNITS a _NC. ATK UNITS

; INTK .7 KPT a qPIWW atXi
TYPE CF; -p#XTEHI~Crg-16-Eo - RMT-q

PC. CF NO0OE!'04FOLTE
XI.CC(1,J'= * ,LCCnl,I1-. FCR NODE I CF ROUTE I.

KC. CF NDrRCUTE
XVLOC (2,a .1 );E LCC12,)a FCR NODE 1 0 F ROUT E 2
NO. CF NO0! ROL7E a

XLCC(3,11=-__ V LOCC3:1l 2 FCR NODE I CF RCUTE 3%LG('ol-YLCC(3 2)a ---- FCR NODE z CF Pru7E 3CEF UNIT X = *Y a FCPCE-. aTR. wI TH
LCAIC. . LEVEL-.:, cc O

ALT PO . ST --ALT P5.ww~: BREAK P1 I NC. TITEps?! F OE -

=Al Y4(1) a .FCR ALT. P~s. IXA2YA(21 - 2x= Ya . = 3
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APPENDIX E

EXECUTIVE PROGRAM

for the

SMALL-UNIT AMPHIBIOUS OPERATION COMBAT MODEL

The combat model presented in this thesis has been provided with an

EXEC program which is designed to set up and execute all of the necessary

CMS commands for the running of the model. The EXEC program will auto-

matically BROWSE the output listing of the model (AMPHIB1 LISTING)

allowing the user to review immediately the results of the battle.

A listing of the EXEC follows.

GLOBAL TXTLIB FORTMOD2 MOD2EEH IMSLSP NONIMSL CMSLIB
FILEDEF 05 DISK SEA DATA
FILEDEF 09 DISK LAND DATA
FILEDEF 06 DISK AMPHIBI LISTING
LOAD AMPHIB (START)
BROWSE AMPHIB I LISTING
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APPENDIX F

COMPUTER OUTPUT

for the

SMALL-UNIT AMPHIBIOUS OPERATION COMBAT MODEL

The computer output for the small-unit amphibious operation combat

model was designed to be clear, concise, and identifiable to the user

of the program. The combat model conducts two phases of combat: ship-

to-shore and land combat. Therefore, the computer output was designed

to report on each phase of combat. The computer output for each phase

uf ombat begins with an initial information page which lists the

input data provided by the user of the model. The initial information

page serves as a record of the battle scenario analyzed by the model,

as gell as a check for the user to insure that the input data provided

were read correctly by the model. In addition, a battle summary

ieoort is provided reporting on the status of both the aggressor and

defender forces throughout both phases of combat. The computer output

based upon the input data listed in Appendix C is as follows.
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**INITIAL SitIP-TO-SHOFE PHASE INFORMATION *

M#ITIAL FCPCE STRENGTH
bA'.E 1 2 3 4 5
LVA 25.0 20.0 15.0 10.0 5.0

CEF. TAN~K kSSEIS = IC.Q DEF. ATOMN ASSETS =10.0

IVA E GR SPECS
SFI2MAX SPMrIN HTMAX HT IIN WIC
'.00O 10.5c 1.-,C C.15C 2.53

CEFENSIVE TA(CTICAL PARtMlET;:RS
RANGE AIM-RELCAD PROJECTILE

14AX M !t TIM'E VELCCITY
TANK 1!C0.0 15.1.0 i1!U.uo
ATCM 2CCC.C 27CC.O ?C.CC 35C.CO

CEFENSI'.E '!ACIICAL ALLCCATICN WEIGHTS:
hAVE 1 = 2.JC hAVE 11 = 1.00

CEFENSI E ~Fl:RCF ATTRITION COEFFICIENTS
ALPH-* BE TAk A

OIT 0.0000i C.00070
eS 0.C0CCE 0.00090

AIMEC FIPE ATT91TICN RATE COEFFICIENTS FOR
CEFEN~SIVE 7ANK £110 ATO?' A!SETS

WEETA(1)J=C.O~C*, WdEl1A(2)sC. CO0O

eREANPOINT ASSUI'PTICK: 0.3*(ICTAL DEF FCPCE)

CEFENC'EF ATTRI1C4 LEVEL ALLOWING FCR LAND CCM8AT
O.22*41CTAL CEFENOEP FORCEI

ART." SUP FACTORn 50.C EFRCR SUP FACTOR=10C0O

01!PERSICN DATA
RANGE TSI'V RANGE TSIGH RANGE TMEANH-
25.C 0.0 25.0 C.0 25.0 0.0
!00.C 2..! 50C.c. 2.0 500.0 100

1cOc.c 3.c 1300.C 5.0 1(00.C 5.0
2C00.C 20.C 20CC.C 20.0 2(00. 0 10.0
!C00. 3 7 .C 5000.0 25.0 5(00.0 15.0
10CCC.C *25.0 ICOCC.C 25.0 10C00.C 15.0

RANGE SSIZ;V RANGE SSICH
25.C 0.0 25.C 0.0

250.C 5.0 250.0 5.0
500.0 7.5 500.C 7.5

1CC0.c 14.' 1OCC*C 14.0
2!00.C 15.r 2500.C 15.5
5COC.C 17.t 5000.0 17.0
lOC0C.c 20.C .0OCC.C 2C.0

CURRENT !TATUS CF hA'%E I VARIABLE CEFINITIONS

C - NOT ENGAGING
1 - LANCED
2 - UNCER FIRE BYi ATGM

-UNCER FIRE E'V TANK
4- UNCER FIRE EY BOTH ATGI' & TANK
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i*.5* THE SHIP-TO-SHORE PHASE BEGIN. '*h**

EREAKFOINT REACHED AT TIME % 502. S-EC.ZNOS

TIE 52.5 SECONDS

hAVE FCFCE LEVEL STATUS LCS"-PCr T(TAL SLRVIVING
1 16.0000 1 0.3b0
2 13o0COo 1 0.35C

11.0000 1 0.267
10.0000 1 0.0

5 5*OCOO 0 0.0 55.00
TAi4K 0.0 1 .000
ATGM C.0 1.00O 0.0
FINAL LVA SURVIVCRS ASHORE= 55. rCO
LANC COMBAT STARTS WHILE 5HORE CC.4BAT IS GOING ON

LANr COMAT ATTACK TIME = 49 .C SECCNOS
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*0 INITIAL LANO CGM8AT INFORMAtlION *

LOCATION
UNIT X v FORCE LEVEL

1 2000.0 1900.0 18.0
2 1900.0 2400.0 18.0
3 l C.0 210.0 e.0
4 3600.0 2700.0 10.0

3eCO.c 23C0. !.0
6 3600.0 7CC.0 10.0

ATRITICN IS STOCHASTIC

ROUTES DETERMINED EY USER

ATTACK %EHICLE SPEED IS 1e.0 M.P.H.

eREAKPOINI DISlANCE IS 500.0 RETEFS

DEFENCER WILL MOVE TO ALTERNATE POSITIONS
ALTERNAtE POSITICNS ARE:
UNIT x y

4 4!0.0 3800.0
5 4tco.0 2700.0
6 4EC0.0 180CoC

ATK KILL PPOBABILITIES
RANGE P PIPH PHM PKH

t0o C.60 0.70 0.65 0.P5
lOOC 0.85 C.9O 0.85 0.1o
15CC G.80 0.85 C.8! C.8C
2GO0 0.75 C.8G 0.75 C.70
2.C0 O.tC 0.1C C .6 0.b5
3COO 0.40 0.45 C.40 C.5C

DEF. KILL FFCEABILI7 IES
RANGE P Fl-H Pl-te PKH

5GO C.85 0.85 0.75 0.70
10CC O.E C.8C C.75 C.70
1500 C.75 C.75 C.7C C.6C
200C 0.t0 C.45 0.60 0.55
2C0 0.45 0,.C 0,5C C.35
30C0 0.20 C.Z- 0.2C 0.20

CURRENT STATUS OF UNIT I VARIABLE DEFINITIONS

0- ALIVE NOT FIRING
1 - ALIVE AND FIRING
2 - KILLEC
3 - MOVING

VEHICLE SPEED VAIAELE CEFINITIONS

I - 9 MFH
2 - 12 NFH
3- 15 MFH4 - IS MFM
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***4* THE LAND COM8A1 PHASE BEGINS **

**** DEFENSIE FORCE IS ELIMIPATEC- END OF BATTLE.

lIME- 745 SECONCS

AGGRESOR UNIT INFORMATION
UNIT X Y FCRCE LEVEL STATUS LQST-PCT TARGETS

1 234.5 1978.9 0.0 2 1.000
2 .3144.3 2246:3 4.8 1 0.731 5
? i324.7 1721.6 17.q 0 0.005

CEFENSIVE UNIT INFOPMAIION
UNIT X v FCRCE LEVEL STATUS LOST-PCT TARGETS

4 4500.0 3800.0 0.0 2 1.000
5 400. C 2700.C 0.0 2 1.000 2
6 4fOO.0 1800.0 0.0 2 1.000
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